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Preface

This document addresses the trade-off between centralized initial skills 
training (IST) (“schoolhouse” training) and decentralized on-the-job 
training (OJT). The objective is to determine the most cost-effective 
combination of IST and OJT. Prior assessments of training have typi-
cally not fully evaluated how changes in IST affect the costs and other 
burdens of OJT. 

In July 2003, the Air Force Council requested two training stud-
ies (later referred to as the AF Council–Directed Training Review).1
The first study proposed a one-day reduction per year for three years 
in the course sequence for each Air Force specialty code (AFSC) in 
order to achieve identified fiscal year 2005 (FY05) Amended Program 
Objectives Memorandum (APOM) manpower and dollar adjust-
ments. The second study was a comprehensive review of flight train-
ing, technical training, and education courses. Neither of these efforts 
addressed the productivity effect of adding or reducing specific pieces 
of course material or the change in OJT costs after graduates reach the 
field. Additionally, estimates of technical training costs rarely, if ever, 
include any consideration of the costs of OJT. Such costs include the 
limited productivity of trainees, the effect on supervisors, the effect of 
the supervisor-to-trainee ratio, and the disruption of training due to 
deployments. 

The Vice Commander, Air Education and Training Command 
(AETC/CV), and RAND Project AIR FORCE (PAF) conceived 

1  The Air Force Council is chaired the by the Air Force Vice Chief of Staff. Members include 
the Air Staff Deputy Chiefs of Staff.



another approach to evaluating training reductions. Building on PAF 
work that used estimated effects on productivity to evaluate reen-
listment bonuses, the research team identified a similar approach to 
finding a preferred mix of IST and OJT. A key part of this analysis 
was including both IST and OJT costs in determining the full cost of 
human capital development. This document describes a methodology 
for deriving these costs and applies the methodology to seven Air Force 
specialties (Aerial Cryptologic Linguist, AFSC 1A8X1; Cryptologic 
Linguist, AFSC 1N3XX; Tactical Aircraft Maintenance, F-15, AFSC 
2A3X3A; Aerospace Maintenance, B-1/B-2, AFSC 2A5X1E; Special 
Purpose Vehicle Maintenance, AFSC 2T3X1; Fire Protection, AFSC 
3E7X1; and Security Forces, AFSC 3POX1).

AETC/CV and the Air Force Deputy Chief of Staff for Man-
power and Personnel (AF/DP) sponsored this research. The study was 
begun in the fall of 2004 as part of a project entitled “Cost and Pro-
ductivity of Technical Training vs. On-the-Job Training Analysis.” The 
work was conducted within PAF’s Manpower, Personnel, and Training 
Program. This report should be of interest to leaders and staffs involved 
in planning and managing the Air Force’s technical training pipeline. 
This includes elements of the Air Staff, as well as AETC organizations 
from Headquarters, Second Air Force, and training wings and squad-
rons down to the individual course level. 

RAND Project AIR FORCE

RAND Project AIR FORCE (PAF), a division of the RAND Corpo-
ration, is the U.S. Air Force’s federally funded research and develop-
ment center for studies and analyses. PAF provides the Air Force with 
independent analyses of policy alternatives affecting the development, 
employment, combat readiness, and support of current and future aero-
space forces. Research is conducted in four programs: Aerospace Force 
Development; Manpower, Personnel, and Training; Resource Manage-
ment; and Strategy and Doctrine. 

Additional information about PAF is available on our Web site at 
http://www.rand.org/paf.
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Summary

How should enlisted initial training be divided between central-
ized initial skills training (IST) and decentralized on-the-job train-
ing (OJT)? This document provides recommendations to address this 
question based on a cost-benefit analysis of seven Air Force specialties. 
The underlying methodology includes a mechanism for developing 
specialty learning and productivity curves that are used to capture the 
full human capital development (HCD) cost (IST and OJT). All too 
often, only IST costs are considered when “pricing” training. When 
this is done, the overall cost to train an airman is seriously underes-
timated. When the full costs are considered, decisions related to the 
length of IST are better informed.

The Air Force typically trains 30,000 to 40,000 new airmen in 
some 300 specialties each year. We estimate IST costs at $700 mil-
lion per year, with OJT costs reaching perhaps $1.4 billion each year. 
In developing new airmen to required levels of productivity, IST and 
OJT can, to some degree, substitute for each other. An appropriately 
designed cost-benefit analysis is necessary to find the best balance 
between them.

Productivity is difficult to measure. We equate a productive 
airman with one who possesses the skills to be fully mission capable. 
But then, in what ways must an airman in a particular specialty be 
skilled in order to be fully mission capable? How should a training 
program prepare airmen to obtain these skills and this experience? At 
what skill level do airmen currently graduate from IST? How does pro-
ductivity increase with time in OJT? 
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To answer these questions, we fielded a survey among E-6s1 and 
above from each of seven Air Force specialties2 in four of the major 
commands (MAJCOMs)3 in order to determine the effectiveness of the 
current IST and OJT training programs. A portion of the questions 
was designed to elicit the manner in which IST prepares airmen and 
how OJT increases productivity over time. We statistically averaged 
the responses and created the productivity curves shown in Figure S.1. 
Using these curves, we were able to decompose force costs into two 
parts: costs associated with productive effort (the proportion below the 
curve) and HCD costs (the proportion above the curve). 

How does productivity change when IST course length changes? 
To make this assessment, we again relied on survey respondents to esti-
mate the impact in both time and productivity. Unlike other attempts 
to determine the result of marginal (1-, 2-, or 3-day) changes in IST 
course length, we chose to request specific course material that could 
be added or deleted, the associated change in the course length, and 
the corresponding increase or decrease in productivity at graduation. 
For example, Figure S.2 shows curves statistically generated to fit the 
survey responses. Note that most of these curves increase initially but 
then level off, indicating that course lengths longer than a certain 
number of days will have diminishing impacts on productivity.

In our final methodological step, we combine the productivity 
curves with the course length changes and costs to examine total HCD 
costs. Costs include personnel cost, initial skills and advanced train-
ing costs, and other OJT-related costs, such as equipment and supervi-
sor time. We use manpower data to determine the average number of

1  Because of the small numbers in the airborne linguist (1A8X1) and cryptologic linguist 
(1N3XX) specialties, we also included E-5s from the 1N3XX specialty and E-4s and E-5s 
from the 1A8X1 specialty. The grades E-6 and above are primarily supervisors.
2  Airborne Cryptologic Linguist (AFSC 1A8X1); Cryptologic Linguist (AFSC 1N3XX); 
Tactical Aircraft Maintenance, F-15 (AFSC 2A3X3A); Aerospace Maintenance, B-1/B-2 
(AFSC 2A5X1E); Special Purpose Vehicle Maintenance (AFSC 2T3X1); Fire Protection 
(AFSC 3E7X1); and Security Forces (AFSC 3POX1).
3  Air Combat Command, Air Mobility Command, Air Force Space Command, and Air 
Education and Training Command. Discussions with subject matter experts indicated that 
the selected MAJCOMs would provide an adequate sample of experiences for these AFSCs.



Summary    xvii

Figure S.1
Comparison of Fitted Productivity Curves
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airmen in each year of service. Combining the data, we can examine 
trade-offs among manpower, productivity, and cost. 

Applying our analysis to the seven selected specialties, we achieved 
the results described in Table S.1. Our analysis of the survey responses 
was performed on a variety of dimensions. In addition to quantita-
tive results, we included a qualitative analysis of comments from the 
survey respondents. Column 3, “Write-in Comments,” summarizes 
free-response comments to questions suggesting course changes. The 
“Add vs. Drop” column is a comparison of the number of responses to 
specific questions on adding and deleting course content. The “Incre-
mental Change Functions” column provides the direction of the aver-
age change in productivity for suggested changes to IST. The “Steady 
State Analysis” column summarizes the results of the steady state cost-
benefit analysis. 
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Figure S.2
Changes in Productivity as a Function of Changes in Course Length
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We recommend that the utilization and training workshops 
(U&TWs) for each of the specialties perform a closer examination of 
IST course length changes that appear to lower overall HCD costs 
for the same or greater productivity. For AFSCs 1A8X1 and 1N3XX, 
there is strong evidence that reductions in the course length would 
result in only a small reduction in immediate productivity of gradu-
ates. For the other specialties, we believe a lower overall HCD cost per 
unit of productivity can be achieved by increasing course length. (See 
pp. 45–49.)

The seven specialties specifically examined in this study offer 
prototypes for our overall methodology. One essential element is 
the derivation of productivity curves. The Air Force’s Occupational
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Table S.1
Analysis Summary

AFSC
Specialty 

Title
Write-In 

Comments

Add vs. 
Drop 

Comparison

Incremental 
Change 

Functions

Steady
State

Analysis

1A8X1 Airborne 
Cryptologic 
Linguist

Don’t 
add

Drop Decrease

1N3XX Cryptologic 
Linguist

Drop Decrease

2T3X1 Special 
Purpose
Vehicle
Maintenance

Increase Increase

2A3X3A F-15 Tactical 
Aircraft 
Maintenance

Increase Increase

2A5X1E B-1/B-2 
Aerospace 
Maintenance

Don’t 
drop

Add Increase Increase

3P0X1 Security 
Forces

Don’t 
drop

Add Increase Increase

3E7X1 Fire 
Protection

Add Increase

Don’t 
decrease

Increase

Measurement Squadron (OMS) measures certain aspects of produc-
tivity through its occupational measurement surveys. We recommend 
that AETC investigate the use of current OMS tools and potential 
enhancements to develop productivity curves and the functional rela-
tionship between incremental changes in IST content, course length, 
and graduation effectiveness. We also recommend that the AETC 
Studies and Analysis Squadron use our HCD cost model and meth-
odology for future IST course length studies. Other specialties can 
be readily examined. Improvements in methodology might include 
greater fidelity in generating the productivity curves, determining the 
impact of curriculum changes, and estimating costs. (See pp. 30–35 
and 57–64.)

Finally, this analysis approach offers great potential for trades. In 
three of the AFSCs (2T3X1, 3P0X1, and 3E7X1), a 0.5-percent change 
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in total costs for increasing course length resulted in a tenfold (5.0-
percent) change in total productivity. (See pp. 63 and 67.)

In summary, our analysis suggests the following:

A significant increase in productivity for small addition in IST course 
length is likely to exist for five of the seven specialties we analyzed. 
(See pp. 63 and 67.) 
In some cases, portions of the IST curriculum could be reduced with 
little impact on productivity. We believe there is evidence from the 
qualitative responses for considering reductions in the 1A8X1 and 
1N3XX specialties. (See pp. 47–49.)
Although we believe these increases are plausible given the way 
we conducted the analysis, it would be prudent to replicate the data
with more specific and refined survey estimates. (See pp. 70–71.) 
The Air Force should also investigate other external measures to 
validate the productivity functions we derived. (See pp. 23–31 
and 71.) 
This analysis also demonstrates the large role played by the cost of 
OJT and its importance in policymaking, particularly for determin-
ing the course length of IST. (See pp. 62–68.) 
We recommend that the specific results of this analysis should be
briefed to the respective AFSC U&TWs as they consider the suit-
ability of the current IST curricula. (See pp. 57–68.) 
Finally, we recommend that the AETC Studies and Analysis Squad-
ron (SAS) adopt the models and methodology developed in this study 
for future analyses involving the length of IST. (See pp. 57–68.)

•

•

•

•

•

•

•
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CHAPTER ONE

Introduction

This monograph examines the cost and readiness trade-offs between 
centralized initial skills training (IST) and decentralized (on-the-job) 
training (OJT) in order to assist training managers and other deci-
sion makers in determining the preferred length of initial skills train-
ing (basic military training [BMT] to 3-level award1 for mission-ready 
airmen). Specifically, we examined seven specialties: Airborne Crypto-
logic Linguist (Air Force Specialty Code [AFSC] 1A8X1); Cryptologic 
Linguist (AFSC 1N3XX); Tactical Aircraft Maintenance, F-15 (AFSC 
2A3X3A); Aerospace Maintenance, B-1/B-2 (AFSC 2A5X1E); Special 
Purpose Vehicle Maintenance (AFSC 2T3X1); Fire Protection (AFSC 
3E7X1); and Security Forces (AFSC 3POX1).

To determine whether IST course lengths should be increased or 
decreased, we needed to assess how rapidly the current training pro-
gram prepares airmen in the different specialties to gain the skills nec-
essary to be fully mission capable. Rather than examining individual 
skills for each specialty, we created the more general concept of a fully 
productive airman, one who possessed the skills to be fully mission-
effective. This led us to the following research questions:

At what level of productivity do airmen currently graduate from 
IST?
How does productivity increase with time in OJT?

1 The 3-level award occurs at graduation from IST.

1.

2.
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How do manning limitations and deployments affect the qual-
ity of OJT?
Given the current IST curriculum, what skill elements should 
be added or dropped, and what would be the impact on airman 
productivity at IST graduation and throughout their career?

To address these research questions, we fielded and analyzed an 
extensive survey of senior enlisted personnel in each of the special-
ties. We also created an analytic framework to examine the cost-benefit 
relationship of changing the length of IST on the total cost for human 
capital development (HCD). This analytic framework can be tailored 
for other Air Education and Training Command (AETC) courses, 
such as supplemental technical training, flying training, and educa-
tional courses. 

Motivation and Background

AETC trains roughly 30,000 to 40,000 individuals a year in initial 
skills. The average length of training at an AETC base, including 
BMT, is 23 weeks, with an average cost of $20,000 per student. A 
rough estimate for the overall cost for initial skills training is in the 
neighborhood of $700 million. The cost of OJT can approach $40,000 
per airman or $1.4 billion a year in OJT costs.2 Beyond the costs, each 
type of training delivery has various advantages and disadvantages, 
which we discuss in more detail below. Given these parameters, the 
primary study question is, What is the optimum mix of IST and OJT 
that either maximizes unit readiness for a given cost or minimizes cost 
for a specified level of productivity?

Typically, training reviews conducted in the past have not fully 
evaluated how changes in IST affect the costs and other burdens of 
OJT. For example, in July 2003, the Air Force Council requested two 
training studies (later referred to as the AF Council–Directed Train-

2 Oliver et al. (2002) estimated OJT trainee and trainer costs in the range of $31,000–
$68,000 for aircraft maintenance AFSCs. The average maintenance AFSC OJT cost was 
$40,000.

3.

4.
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ing Review). The first study looked at a one-day reduction per year for 
three years in each AFSC in order to achieve identified fiscal year 2005 
(FY05) Amended Program Objective Memorandum (APOM)3 man-
power and dollar adjustments. The second study was a larger review 
of flying training, technical training, and education courses. The Air 
Force Directorate of Learning and Force Development (AF/DPL) led 
the FY05 APOM study and AETC led the FY06–FY07 Comprehen-
sive Training Review. Neither of these efforts addressed the effect of 
adding or reducing specific pieces of course material or the overall 
impact on airman productivity and cost after graduates reach the field. 
Similarly, commonly available estimates of technical training costs do 
not include the full costs of OJT training—partial productivity of the 
trainee, impact on supervisors, the effect of supervisor-to-trainee ratio, 
and the disruption of training due to deployments.4

To permit a fuller consideration of overall human capital devel-
opment costs, the Vice-Commander of Air Education and Training 
Command (AETC/CV) and RAND Project AIR FORCE (PAF) con-
ceived another approach to evaluating training reductions. Building 
on PAF work that used productivity estimates to evaluate the costs and 
benefits of reenlistment bonuses, we identified a similar approach to 
finding the best mix of IST and OJT. A key part of this analysis was 
including OJT costs as part of the full HCD cost. Additionally, instead 
of looking at marginal cuts to course lengths, we examined eliminating 
or including whole skill areas, regardless of the length of time neces-
sary for instruction. Our methodology provides a means to optimally 
balance the costs of IST with the costs of OJT. This approach allows 

3 APOM is an out-of-cycle Program Objective Memorandum (POM) amendment.
4 Training disruptions due to deployments can occur in at least one of three ways. First, the 
trainer can be deployed without the trainee. This leaves the trainee at the home station with 
different and potentially less experienced trainers to continue OJT. Second, the trainee can 
be deployed without the trainer. OJT must then continue in the field with different trainers. 
Finally, trainee and trainer can both be deployed. For some deployments, the experience in 
the field will not align with OJT needs. In other cases, the deployment provides opportuni-
ties to exercise job skills that could not be performed at home station. Nonetheless, deploy-
ments do create disruptions in ongoing OJT.



4    Finding the Balance Between Schoolhouse and On-the-Job Training 

us to calculate the course length that provides the lowest overall HCD 
cost for a specified level of productivity. 

Centralized and Decentralized Training in the Air Force

Centralized and decentralized training are two different, general 
approaches for providing the skills airmen require in order to become 
fully mission ready. Centralized training is primarily provided by 
AETC as IST; decentralized training occurs as OJT within units under 
each major command (MAJCOM). 

AETC IST has the advantage of providing dedicated training 
and a concentrated learning environment where skills can be taught 
in a highly standardized fashion. IST provides greater uniformity of 
instructors and training devices, but must pull manpower and equip-
ment completely away from operations. In IST, no work is produced 
that adds directly to mission readiness. IST can utilize hands-on train-
ing but requires training devices (some of which are specialized trainers 
or actual equipment). 

MAJCOM OJT training allows better workstation-specific skill 
development and potentially an earlier contribution of the trainee 
to actual operations and readiness. In OJT some productive work is 
accomplished, but training often occurs in increments over longer peri-
ods of time. OJT is a mixture of hands-on training and independent 
study. Furthermore, OJT allows trainees access to actual supervisors 
and unit-specific equipment, although this takes both trainees’ and 
trainers’ time away from normal duties. 

For each AFSC, then, the primary question is which skill devel-
opment tasks, and the associated required resources, should be assigned 
to AETC IST and which should be assigned to MAJCOM OJT. 

Three components are needed for this decision: determining skill 
achievement, associating it with productivity in terms of mission readi-
ness, and estimating training costs. First, skill achievement must be 
defined and measured. This is already partially captured in a variety of 
tests and surveys—the Graduate Assessment Survey (GAS), the Field 
Evaluation Questionnaire (FEQ), field interviews, and work done by 
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the Air Force Occupational Measurement Squadron (AFOMS). For 
our purposes, we needed to derive learning curve distributions that 
relate training to skill achievement and effectiveness across the range 
of trainees. Unfortunately, the current set of tests and surveys measures 
achievement at a level of detail that is difficult to aggregate into a more 
general measure of job effectiveness. 

Second, skill achievement must be related to readiness standards. 
Some methods exist, but consolidating, standardizing, and extending 
them is necessary. (As we have noted, we equate productivity achieve-
ment with the development and mastery of skills in a specialty neces-
sary to be fully mission ready.)

Finally, an estimate is required of the resources (money, time, and 
people) necessary to teach skills in a centralized IST or a decentral-
ized OJT manner. Some of the costs are straightforward. Some, like 
the capital costs for facilities or training devices, are more difficult to 
capture on a per-student basis. Furthermore, synergisms among some 
skills within a specialty may make it less costly to teach them together 
rather than separately.

Once productivity and the numerous types of costs are deter-
mined, they can be combined to determine both mission readiness and 
overall cost. Figure 1.1 shows a notional graph of productivity over time 
for an airman. The horizontal axis shows years of service for an indi-
vidual. The vertical axis is the relative productivity of the individual. 
In this example, the individual completes IST in about five months. 
During IST, the trainee contributes nothing in terms of productive 
work; rather, all the airman’s time is spent in skill development. Thus, 
all the pay, allowances, and other costs to support the airman, along 
with the costs of training, are attributed to human capital development 
(depicted in the figure as the area marked “Initial Skills Training”).

Continuing with Figure 1.1, after graduation from IST (3-level 
award), the airman enters the force at approximately 20 percent of 
the productivity of a fully qualified journeyman and is assigned to an 
operational unit. Training does not stop at this point; it still occupies 
a significant portion of the airman’s time. OJT allows an airman to 
spend some time performing productive work while learning valuable 
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Figure 1.1
Capturing the Full Cost of Human Capital Development
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skills in an operational environment. Eventually, the individual builds 
up to 100-percent effectiveness—by year seven, in this example. Unlike 
with IST, the trainee is able to contribute to the effectiveness or readi-
ness of the unit while undergoing OJT.

Too frequently, the costs associated with OJT are incompletely 
accounted for. The true costs of training are not limited to those asso-
ciated with IST and advanced courses, but should include such OJT 
costs as

the fraction of time the airmen is learning rather than contribut-
ing to the mission of his or her unit
time when the airman is only partially effective because of under-
performance or mistakes
additional equipment or consumables needed for training or for 
repairing mistakes
supervisor time needed for instruction or to correct mistakes.

•

•

•

•
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Thus, our definition of full HCD costs includes not only the com-
monly reported cost of IST, but also OJT costs. 

Considering full HCD costs allows us to optimally place the line 
between IST and OJT. Given alternative productivity curves, we can 
shift the line at which the individual exits IST and examine the impacts 
on both productivity and cost. When we do this, we observe a number 
of interesting changes.

In Figure 1.2, the course length for IST is shortened. The reduc-
tion in IST also lowers the instructor requirement and reduces acces-
sions because fewer man-years are used for training. The shift in man-
years to actual operational manpower slots reduces the yearly input 
requirement. 

However, this change will increase OJT costs. By exiting IST 
early, the individual enters the force with a lower overall productivity. 

Figure 1.2
The Effect of Shorter IST Course Length
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The lower productivity increases OJT costs. With more inex-
perienced personnel in the units, the supervisor-to-trainee ratio also 
decreases, thus taking more productive time away from the supervi-
sor and reducing the effectiveness of OJT. Finally, as more training is 
transferred to the unit, there is an increased risk of less standardization 
in the training, because the multiple OJT locations will tend to train 
to more of their own individual methods and needs.

On balance, then, should IST be shortened? The complexity of 
the multiple interactions discussed above makes it difficult to deter-
mine if the costs and benefits favor less IST or more. 

Similarly, we could increase the time in IST and would see an 
opposite set of effects. A full understanding of both IST and OJT costs 
and their interactions is required to determine the optimal IST length. 
The framework we propose captures and minimizes total HCD costs 
per unit of productivity. The key element is determining the produc-
tivity function and the impact of a change in IST on the productivity 
function. This challenging problem is the primary analytic task of this 
monograph.

An Approach for Determining the Length of Centralized 
Training

Our methodological approach consists of four steps: 

Collect specialty-specific training data—retention, pipeline 
courses, plans of instruction (POIs), career field education and 
training plans (CFETPs), occupational survey data, additional 
courses, typical OJT tasks, and associated costs. 
Develop skill-based learning curves for each specialty. To do 
this, we conducted surveys and interviews with supervisors and 
subject matter experts (SMEs). 
Estimate resource requirements in terms of dollar cost, man-
power, devices, facilities, and time. 

1.

2.

3.
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Develop productivity-versus-cost curves for each specialty and 
determine the preferred allocation of skills to centralized and 
decentralized training. 

AETC asked us to examine seven Air Force specialties represent-
ing a broad spectrum of career fields. We used these specialties to test 
our methodological framework. The first two, Airborne Cryptologic 
Linguist (AFSC 1A8X1) and Cryptologic Linguist (AFSC 1N3XX), 
are among the longer pipeline courses (over a year). The next three 
are maintenance skills: Tactical Aircraft Maintenance, F-15 (AFSC 
2A3X3A), Aerospace Maintenance, B-1/B-2 (AFSC 2A5X1E), and 
Special Purpose Vehicle Maintenance (AFSC 2T3X1). The Fire Pro-
tection specialty (AFSC 3E7X1) requires civilian levels of certification. 
Last, the Security Forces specialty (AFSC 3P0X1) is currently experi-
encing many new challenges brought on by a rapidly changing war-
fighting environment.

Our methodology is easily adapted to other AFSCs. Examining 
the seven initial AFSCs was helpful in testing our approach. Later in 
the monograph, we discuss options for improving the methodology for 
determining the most cost-effective course content and length.

Data Sources

A significant task in this study was identifying and obtaining requisite 
data for our analysis. Table 1.1 provides a summary of our data sources 
and needs. A variety of course-related data was obtained from AETC 
in order for us to better understand and represent IST and follow-on 
training in specific specialty areas. The CEFTPs allowed us to examine 
individual course skills and goals in some detail. AETC also provided 
the fundamental data on course lengths and sequences. We used wash-
out and washback rates to help estimate the cost of training.

4.
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Table 1.1
Data Sources

Data Source Data

Air Education and 
Training Command

CEFTPs
Course sequences
Course data, lengths
Washout, washback rates

Occupational 
Measurement 
Squadron

OSRa data (tasks, difficulty, training emphasis)

Air Force Personnel 
Center

Proportion of population at end of ETSb

Proportion of population not at end of ETS
Reenlistment rates (Pre- and post-9/11)
Continuation rates 
Crossflow by YOSc and grade
Promotion rates by YOS and grade
Course information (% attending, timing)
Populations by YOS and grade
Manpower authorizations

Air Expeditionary Force 
Center

Deployment cycle data

Air Force Instruction 
65-503 

Detailed wage costs
Inflation rates
IST course costs

aOSR = Occupational Survey Report.
bETS = expiration of term of service.
cYOS = years of service.

We initially analyzed Occupational Survey Report (OSR) data to 
build productivity curves. We found, however, that the OSR data were 
insufficient for our needs and determined that a survey was the best 
method to develop the productivity curves and the effect of changes 
to IST. We did use the OSR data to get an understanding of the skill 
areas in each specialty that were “on the edge” of inclusion or exclusion 
from IST.

As part of our methodology, we simulated the composition of 
the entire enlisted force out into the future. Therefore, we required 
not only training-oriented data, but also a variety of personnel data 
to make these projections. The Air Force Personnel Center supplied 
most of these data. The model required the percentage of personnel 
who are at the end of their term of service, their reenlistment rate, and 
the continuation rate for those not at the end of their term of service. 
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We also used cross-flow rates (movement between AFSCs) by years of 
service (YOS) and grade. The model used actual promotion rates and 
the percentage of time in training after initial skills training. We also 
used manpower data to examine the discrepancies between manning 
and authorizations. 

Additionally, data from the Air Expeditionary Force Center 
allowed us to represent deployment cycles and their impact on OJT. 

Cost represents another significant dimension of our study. Vari-
able IST course costs, composite wage costs, and inflation rate data 
were obtained from Air Force Instruction 65-503 (Secretary of the Air 
Force, 1994b). 

Missing from this list of data is the information necessary to build 
the productivity curves described above. The survey instrument used 
to gather this information is a key part of this study and is discussed in 
detail in later chapters. 

Structure of the Monograph 

Chapter Two is a review of the literature pertaining to the relative 
effectiveness of technical and on-the-job training, estimating worker 
productivity, and deriving costs. This literature includes past studies, 
current training and career field guidelines, and available data sources. 
Chapter Three describes our data collection instrument and provides 
the results of the survey. It includes the development of our produc-
tivity curves and functions representing productivity change due to 
increases and decreases in technical training course length. Chapter 
Four discusses the elements of cost associated with both IST and OJT. 
In Chapter Five, we combine the productivity and course length curves 
with cost to determine the length of initial skills training that provides 
the greatest benefit per unit of cost. Each specialty is considered sepa-
rately to capture its unique aspects. Finally, in Chapter Six we discuss 
our recommendations for the selected specialties and make a variety 
of suggestions for improving information collection and the analytic 
methodology.





13

CHAPTER TWO

Review of the Literature

In this chapter, we review previous attempts to measure productivity to 
determine the relative capabilities of new IST graduates, calculate the 
cost of OJT, and estimate the effect of shortening or lengthening IST. 
Additionally, we describe the current Air Force training development 
process, as well as some of the instruments used to assess the quality of 
the training program. Finally, we briefly discuss our study in the con-
text of these other studies.

Measuring Productivity

Defining and measuring productivity is a significant challenge in the 
military environment. Our methodology was based on a survey instru-
ment designed to measure trainee productivity relative to that of a 
carefully defined fully productive airman. Our definition of produc-
tivity and the questions for our survey instrument build on previous 
research. 

Haggstrom, Chow, and Gay (1984) developed a widely used 
survey instrument entitled the Enlisted Utilization Survey, which was 
a large-scale survey of trainee supervisors that attempted to measure 
the productivity of enlistees over time. Survey respondents were asked 
to rate the net productivity of their specific trainees relative to the typi-
cal individual with four years of experience in the same specialty at 
four distinct time points. Respondents were also asked to rate the net 
productivity of an “average trainee” at the same points. One particu-
larly interesting finding from this study was that supervisors tended to 
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rate their own trainees higher than the average trainee, indicating that 
using the “average trainee” values from a similar estimate might pro-
duce a downwardly biased estimate of actual OJT training costs.

Horowitz and Angier (1985) used an econometric time series 
regression technique to measure the relationship between experience 
(measured by rank, years of service, prior sea experience, and quan-
tity of training) and productivity (measured by the amount of mis-
sion-degrading downtime suffered by the maintained equipment) for 
individuals in six Navy maintenance career fields. Although their tech-
niques were not designed to demonstrate causal relationships between 
any of the experience variables and productivity, their analysis did indi-
cate significant correlation between quantity of formal training and 
productivity in five of the six career fields in the study. All six career 
fields indicated a significant relationship between rank and productiv-
ity. These findings were presented in the context of a broader report 
that emphasized the composite benefits of the Navy’s extensive OJT 
training program.

Oliver et al. (2002) developed productivity curves for aircraft 
maintenance specialties by surveying a small number (20–30) of  
SMEs in each maintenance specialty. They defined a fully mission-
effective person as 100-percent productive when the individual was 
considered a “go-to” person by the leadership. Oliver et al. used the 
productivity curves and an annualized cost of leaving (ACOL) model 
to evaluate various incentive programs. They took the cost of the dif-
ferent incentive programs, the resulting changes in attrition, and the 
overall productivity to show the optimal cost-productivity relationship. 
The use of productivity curves and the ACOL model allowed them to 
show the payoff from implementing incentive programs for maintain-
ers. We, too, used this type of survey to determine productivity curves 
for each specialty.
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Comparing Technical Training Graduates and Directed-
Duty Assignees

The vast majority of studies examining the relative efficiency of IST 
and OJT have looked at differences between directed-duty and regular
enlistees. In some situations, the military services use a directed-duty 
assignment program whereby selected enlistees bypass IST and receive 
all their upgrade training on the job. The research question for these 
studies tended to focus on the differences between individuals who 
had received OJT exclusively and individuals who attended an initial 
skills course prior to completing upgrade training on the job. Results 
of those studies were mixed. 

Weiher and Horowitz (1971) compared the relative costs of 
formal and on-the-job training for Navy enlisted occupations. They 
gathered data for their study via a questionnaire in which respondents 
were asked to estimate how long it took the average trainee to reach 
“third-class” level and how much time senior personnel spent on OJT 
instruction. This study also attempted to develop productivity profiles 
of A-School (the Navy equivalent of IST) graduates and directed-duty 
enlistees by having respondents draw a separate curve for each, showing 
the proficiency over time of a typical trainee relative to that of a man 
“professionally qualified to take the third-class exam.” These data were 
then aggregated to derive a curve for the typical man in each training 
mode. The authors used the survey data to generate estimates for school 
costs, value of foregone productivity, and supervisor costs for each of 
the training nodes. Assuming that the estimates from the survey data 
were correct, the results indicate that when all the relevant costs are 
considered, 37 out of 39 career fields are more efficiently trained with 
A-School. The authors emphasize, however, the importance of accurate 
estimates of “supervisor costs” in generating the apparent efficiency. 

Smith (1986) conducted an observational study of first-term 
airmen to determine if there was a significant difference in productivity 
between technical school graduates and directed-duty airmen in each 
of their first four years of enlistment. In this study, productivity was 
defined as the “proportion of productive work-time” based on a week-
long series of personal observations. The study found no significant dif-
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ference between the productivity of the two groups during years two, 
three, and four, but found that “first-year” technical training graduates 
spent a significantly greater proportion of time doing productive work. 
Smith used these proportions, estimates of lost trainer productivity due 
to OJT (from SME interviews), and estimates of the cost of techni-
cal training (published Air Force data) to compare the total costs of 
each method. His final results indicated that the total cost to the Air 
Force for directed-duty airmen was $18,000–$43,000 more expensive 
(in 1986 dollars) than the total cost for producing technical training 
graduates.

Quester and Marcus (1986) used Navy data from an Enlisted 
Utilization Survey to compare the productivity of A-School gradu-
ates versus directed-duty assignees in seven Navy specialties in order to 
compare the cost-effectiveness of the two types of training. Productiv-
ity, in this study, was defined as a “net productivity”—the contribution 
of the trainee minus the loss in production of the experienced person-
nel who must train and supervise him. Quester and Marcus found 
that the productivity of A-School graduates relative to directed-duty 
assignees, over the course of their entire first-term enlistment, ranged 
from 1.16 to 1.41, and that the total cost per unit of effectiveness was 
lower for A-School in four of the seven fields, suggesting that A-School 
is more cost-effective.

Calculating Costs for OJT

Three studies provide costing methodologies for OJT. In the first, 
Carpenter-Huffman (1980) described three types of OJT activities and 
the importance of quantifying each when calculating the full cost of 
OJT. Type I activities are those whose only product is training, Type 
II activities are those that trainees can do without any additional train-
ing, and Type III activities are those that produce work and training 
simultaneously. She suggests a methodology that calculates the dif-
ferences in the costs of resources required by OJT performing units 
and non-OJT performing units (that produce otherwise equivalent 
work), to determine the cost of providing the OJT training. Carpenter-
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Huffman only proposed this methodology—no known study was ever 
completed using it.

In the second, Fleming et al. (1987) developed a methodology 
to quantify the cost of OJT training in their effort to calculate the 
replacement cost of fully trained Air Force personnel. They calculated 
the costs of unproductive trainee time during OJT training periods 
and the costs of unproductive trainer/supervisor time during those 
same periods. Using data provided by the Air Force Operational Mea-
surement Squadron survey reports on the percentage of time spent (by 
grade) on OJT-related tasks, the average wages for each grade, and 
the assumption that the rate of productivity acquisition can be esti-
mated in a straight-line function, the authors were able to generate a 
cost value for the unproductive OJT time. Using their methodology, 
the cost of the unproductive OJT time exceeded the published cost 
of technical training in 23 out of 37 specialties. Although this does 
not directly determine which training method is more effective, it is 
a strong indication that the cost of unproductive time due to OJT 
cannot be ignored.

Gay (1974) developed an OJT costing methodology based on an 
application of human capital development theory. In his methodology, 
the military’s investment in OJT is measured as the “present value of 
the sum of positive differences between an individual’s military pay 
and productivity over time.” In his study, pay was measured as the 
expected value of military pay and allowances in the particular mili-
tary specialty by length of service. Military productivity was measured 
by supervisors’ estimates of the time required for individual trainees 
to reach readily identifiable milestones in their OJT performance. His 
fundamental conclusion from an aircraft maintenance specialist pilot 
test was, “A substantial portion of training costs is in the form of OJT 
costs which, although quite real, are not at present well identified.” 
The estimated cost of technical training was $3,200 per trainee, and 
the estimated cost of OJT was $6,600 (both in 1974 dollars). Gay and 
Albrecht (1979) extended this methodology to an additional 50 spe-
cialties across the military services; although they focus on the valid-
ity of the time-based productivity curves they developed with their 



18    Finding the Balance Between Schoolhouse and On-the-Job Training 

survey as opposed to any effort to determine the economically efficient 
amount of technical training.

With the current system that requires OJT for all airmen, regard-
less of specialty, during their first duty assignment, opportunities to 
implement a methodology similar to the one suggested by Carpenter-
Huffman seem unlikely. There may be units that do not perform any 
OJT, but the data points would not be sufficient to do a widely gen-
eralizable study. The utility of Fleming’s methodology, on the other 
hand, has been demonstrated using data regularly collected by the Air 
Force. Further development of this model with less restrictive simplify-
ing assumptions, while beyond the scope of our current research, could 
be worthwhile.

Additional Options

Adjusting the IST/OJT boundary is not the only available approach 
for finding a more cost-efficient training pipeline. Unpublished 1994 
RAND Corporation work by John Winkler provides an excellent dis-
cussion of potential training consolidation options, Hanser, Davidson, 
and Stasz (1991) give an in-depth analysis of civilian-provided training 
as an alternative to the current technical training (TT)/OJT system, 
and Kavanagh (2005) has published a literature review of the relation-
ship of recruiting, advanced training, and retention to productivity. 
Our research did not investigate these policy levers. A comprehensive 
training pipeline analysis would certainly need to consider them.

Current Program and Available Data

Air Force Instruction (AFI) 36-2201 (Secretary of the Air Force, 2004) 
describes the current Air Force training development process, includ-
ing the responsibilities of the career field manager (CFM), preparing 
and conducting a utilization and training workshop (U&TW), and 
constructing a career field education and training plan. The CFETP 
identifies training requirements, support resources, and core task 
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requirements for a career field. One CFM is appointed in each career 
field to, among other responsibilities, ensure development, implemen-
tation, and maintenance of the training plans for his or her assigned 
specialties. The U&TW, which is “to be used as forum to determine 
education and training requirements, by bringing together the exper-
tise to establish the most effective mix of formal and on-the-job train-
ing requirements for each AFS skill level,” is one of the primary tools 
the CFM uses to evaluate and modify a career field CFETP. 

In addition to their career field expertise, participants in a U&TW 
utilize a variety of data to make decisions about career field training, 
such as the GAS, the FEQ, and the OSR from AFOMS. 

The GAS is used to gather customer feedback on active duty 
Air Force, Air Force Reserve Command, and Air National Guard 
graduates of officer and enlisted initial skill Type 3, 4, and 5 courses 
(Hostage, 2005, Para 5.5). GAS data are gathered from the supervisors 
of technical training graduates after they have been at their first duty 
station a minimum of 90 days, requesting feedback on the attitude and 
preparedness of each graduate. The results of these surveys are reported 
at the course, specialty, base, and MAJCOM level and are intended to 
provide a picture of the overall quality of the IST program. 

The FEQ is sent to supervisors requesting data/feedback concern-
ing recent graduate qualifications in approved training standards. The 
data are then used by the schoolhouses to update and improve the 
course curriculum.

The OSRs provide a wealth of information about each specialty, 
including detailed information about the difficulty and frequency of 
performance of each task within a CFETP, job satisfaction, and a pre-
dictive retention analysis. Of particular interest for our study were the 
detailed task analyses. These analyses are derived from three separate 
survey instruments—a general questionnaire given to a sample of all 
members of a specialty requesting information about the frequency 
with which tasks are performed and two more specific instruments 
given to senior members of the specialty requesting information about 
the importance and difficulty of each of those tasks. AFOMS reports 
information directly from the survey responses (the percentage of 
members performing each task, a list of all tasks in order of importance 
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and in order of difficulty, and so on) and also calculates an automated 
training indicator (ATI) for each task. The ATI is derived from an 
extensive logic matrix, including criteria such as the percentage of first-
term airmen performing a task, the average training emphasis rating, 
the average task difficulty rating, and whether or not the task is a criti-
cal safety item. Each ATI ranking corresponds to a suggestion for how 
extensively to train the task, and for which tasks OJT is more appropri-
ate than centralized training. 

What This Monograph Adds

Previous studies examining productivity, the relative capabilities of 
new IST graduates, the cost of OJT, and the effect of shortening or 
lengthening IST have raised several key issues. First, it is difficult to 
define and measure “productivity” and particularly difficult to create a 
universally accepted definition within a survey instrument. Our study 
built upon previous efforts to create a definition of 100-percent pro-
ductivity that includes more intangible measures of productivity than 
the simple skill level certification found in earlier research. 

Second, there is no opportunity within the current IST/OJT train-
ing system to use a quasi-experimental design to examine differences 
between directed duty and technical training graduates, as was done 
in previous research. Today, such comparisons would require imple-
menting a complex experimental program within the existing training 
pipeline. Instead, we provide a methodology to measure the effects of 
incremental changes to the IST/OJT pipeline without having to per-
form costly experiments. We lay the groundwork for further investiga-
tions of this question without sacrificing any of the standardization 
that a single pipeline option provides. 

Finally, the most significant limitation of previous studies has 
been the failure to include all relevant costs within the cost-benefit 
calculation. Although each of the individual studies discussed above 
captures some component of the total costs, no study we examined 
simultaneously considers the tangible resource costs and the long-term 
costs associated with changes in the initial productivity of technical 
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training graduates. Our study uses a deterministic, steady state model 
to compare the costs and mission-effectiveness benefits of various IST/
OJT combinations. One of the most important contributions of this 
research is that the cost-effectiveness comparison considers the full 
range of costs within the calculation. 
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CHAPTER THREE

A Survey to Determine Productivity and 
Effectiveness

As noted in the introduction, the key missing information needed to 
analyze the trade-off between IST and OJT is a way to capture the pro-
ductivity of airmen at the time of IST graduation and throughout their 
career. One way to approximate productivity is through expert opin-
ion. This chapter describes the mechanism we developed for capturing 
the salient views of subject-matter experts.

Survey Contents

Our primary tool for gathering expert opinion was a twenty-question 
survey (see Appendix B) that spanned a number of topics related to job 
productivity. The survey was designed to be completed in less than half 
an hour. Table 3.1 outlines the question areas that we investigated.

The notion of a fully effective worker establishes a key benchmark 
for the entire survey and for our analysis. Essentially, we are defining an 
individual a supervisor would “go to” for most important unit-related 
tasks. The fully effective worker represents 100-percent effectiveness 
on the productivity curves we created. Using SME recommendations 
and previous research (Oliver et al., 2002), we developed the definition 
shown in Figure 3.1. With this definition in hand, we asked supervi-
sors to rate how effective individuals were at various points of time and 
at key phases. Specifically, we asked for the average rank and YOS at 
which a person reaches fully mission-effective status. We also asked
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Table 3.1
Overview of Survey Questions

Question Area
Number of 

Survey Questions

Background 3

Defining a fully mission-effective worker 2

Progress to fully mission effective 3

Leadership/management effectiveness 2

OJT requirements of trainers 2

Trainer productivity and quality due to training 
workload and manning 2

Deployment effectiveness 2

IST course content alterations 2

for the earliest and latest point observed. The intent was not only to 
capture the mean but also to understand the variance among SMEs’ 
opinions of airmen they have observed. In other survey items, we 
asked supervisors to define progress to a fully mission-effective status 
at specific year points (1, 3, 5, 8, and 12) and specific events (3-level, 

Figure 3.1
Fully Mission-Effective Survey Question

RAND MG555-3.1
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5-level, and 7-level awards).1 An alternative measure of fully mission-
effective status—the rank and YOS at which an individual is ready to 
deploy—was also explored in the survey. 

We recognize that there is a difference between a fully effective 
worker and a fully effective leader/manager. Although we surveyed the 
force for data on when a person is a fully mission-effective leader or 
manager, we did not use that information in our productivity calcula-
tions. Most of the productive work of a unit is done at the lower grades. 
Leadership and management are, in a sense, force multipliers. If we had 
included leadership and management, productivity would have dipped 
for the individual as he learns these new skills. Eventually, productiv-
ity would rise back as the individual became a fully mission-effective 
leader/manager. We did not want changes in productivity due to grade 
structure (at the higher grades) to obscure the issues we were examin-
ing between IST and OJT at the lower grades. 

Referring again to Table 3.1, the second part of the survey focused 
on trainer-related effects. These included measurement of the con-
sumption of trainer time at different points in the airman’s develop-
ment along with the actual and ideal rank and YOS of trainers, the 
effect of trainer productivity as the trainee-to-trainer ratio increased, 
and the impact of 5- and 7-level manning levels on OJT productivity 
and quality.

Finally, we asked for specific changes to initial skills training. 
We asked the respondents what they would add and what they would 
remove from IST. For each item, we asked how it would affect the 
length of IST and effectiveness of graduates. 

Selection of Survey Participants and Sample Size

Table 3.2 provides information on the AFSCs, sample sizes, and 
number of responses. We sampled E-6s and above in each of the spe-
cialties. Because of the limited number of airmen in the cryptologic

1 In the most general sense, levels are awarded for completion of training and experience 
acquired.
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Table 3.2
Sample Size Populations and Responses

AFSC Specialty Title
Number 
Sampled

Number 
of 

Responses

Response 
Rate
 (%)

Usable
Responses

1A8X1 Airborne Cryptologic 
Linguist

130 110 85 105

1N3XX Cryptologic Linguist 400 69 17 60

2T3X1 Special Purpose 
Vehicle Maintenance

400 137 34 129

2A3X3A F-15 Tactical Aircraft 
Maintenance

400 135 34 125

2A5X1E B-1/B-2 Aerospace 
Maintenance

400 157 39 153

3P0X1 Security Forces 400 110 28 100

3E7X1 Fire Protection 400 146 37 123

specialties, we also surveyed E-5s for AFSC 1N3XX and E-5s and E-4s 
for AFSC 1A8X1.

The survey participants were selected from four MAJCOMS: Air 
Combat Command, Air Mobility Command, Air Force Space Com-
mand, and Air Education and Training Command. Discussions with 
SMEs indicated that the selected MAJCOMs would provide an ade-
quate sample of experiences for these specialties. We randomly selected 
survey participants for every AFSC except 1A8X1. Because of the small 
size of the 1A8X1 specialty, we selected the entire population.

Overall, the response rate averaged 34 percent.2 However, for 
AFSC 1A8X1, we achieve a very high response rate (85 percent) because 
senior noncommissioned officers sent emails to the field requesting 
participation. The low response rate for AFSC 1N3X1 may be attrib-
uted to workload and the possibility that individuals in this specialty 
do not check their unclassified email accounts (if they have one). After 
cleaning the data (eliminating bad responses and respondents who 
had changed AFSCs), we obtained the usable responses shown in 

2 While the response rate is normal for Air Force survey response, it is still low enough to 
be concerned with the potential for selection bias. One solution would be to institutionalize 
the survey as part of another accepted Air Force process, such as the OSR process.



A Survey to Determine Productivity and Effectiveness    27

Table 3.2. Appendix D includes a more detailed discussion of the data 
cleaning efforts.

Quantifying Time to Become Fully Mission Effective

Figure 3.2 presents the mean time specified by survey respondents to 
become the “go-to” person for each of the seven specialties. As expected, 
the two crew chief positions (2A3X3A and 2A5X1E) take the least 
amount of time. Also as expected, the cryptologist specialties (1A8X1 
and 1N3XX) are among the longest. At first glance, the mean time for 
the fire protection specialty (3E7X1) seems too high. However, this 
specialty uses the same certification criteria required of civilian fire-
fighters. In essence, the U.S. national firefighting requirements have 
defined a fully mission-effective person at a very high level, and those 
same criteria are used in defining fully experienced Air Force firefight-
ers as well. 

The Security Forces specialty (3P0X1) also seems high until one 
considers the changing work environment. Airmen in this specialty are 
expected to perform law enforcement, nuclear protection, base defense, 
and, more recently, rear area land maneuver operations. Consequently, 
the specialty has become more difficult, taking a longer time to reach 
fully mission-effective status.

Figure 3.2
Mean Time to Become Fully Mission Effective

RAND MG555-3.2

NOTE: 1A8X1 = Airborne Cryptologic Linguist; 1N3XX = Cryptologic Linguist;
2A3X3A = F-15 Maintenance; 2A5X1E = B-1/B-2 Maintenance; 2T3X1 = Special 
Purpose Vehicle Maintenance; 3E7X1 = Fire Protection; 3POX1 = Security Forces.
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Variance in Responses

Based on the respondents’ definition of fully mission effective, the 
survey asked the participants to rate the productivity of the average 
airman on a scale of 0- to 100-percent of fully mission effective at 1, 3, 
5, 8, and 12 years of experience.3 The survey also asked the respondent 
to estimate productivity at 3-level, 5-level, and 7-level awards.4 Figure 
3.3 shows the high variation in the responses to the effectiveness of 
the average airman. The bars represent the middle 50 percent of the 
responses. For example, 50 percent of the respondents indicated that 
an airman at 3-level (IST) graduation is 10- to 30-percent effective. 
The lines extending from the boxes represent the middle 90-percent of 
the responses. Thus, 90 percent of the respondents believe that airman 
productivity at 3-level graduation is 10- to 40-percent effective. The 
square dot indicates the median response and the dash indicates the 
mean. So, as a whole, these SMEs believe that the median airman is 
20-percent effective and the average airman is 15-percent effective at 
3-level graduation.

The plot on the top shows the variability in response to the ques-
tion of fully mission effective; the plots on the bottom include the time 
to 5- and 7-level. In this case, the middle 50 percent of the SMEs 
believe that the average airman takes four to seven years to become 
fully effective. Similarly, the middle 50-percent of the respondents 
believe that the average airman will receive the 5-level between three 
and four years and the 7-level between seven and eight years.

We were originally surprised by the large variance for effective-
ness and productivity, particularly the long right tail for fully mis-
sion effective. We believe that two things contribute to this spread. 
First, there are no standards for how effective a person should be at 
any given time. Thus, it is unlikely that SMEs would have common 
reference points. Second, each respondent has a varied experience. This 

3 We also asked respondents to rate the productivity of the most effective airman and the 
least effective airman at each of these points. These extremes helped us to better understand 
the skill-level variations for each AFSC.
4 The levels indicate the following: 3-level = apprentice, 5-level = journeyman, 7-
level = craftsman, 9-level = superintendent.
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Figure 3.3
Variability of Effectiveness Responses, AFSC 2T3X1
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accounts for a natural variation that occurs because of the specific job 
requirements of a particular location. To measure the consistency of 
the data and the variability within our sample, we examined the stan-
dard error of the mean and the inter-quartile range (IQR). In Table 3.3, 
these statistical measures are presented for various years of experience 
in AFSC 2T3XX, including the average YOS at which the 3-, 5-, and 
7-level awards are made.5 For example, at 1 YOS, the average airman 
is, on average, 25.9-percent fully effective, and the IQR shows that the 
middle 50 percent of the respondents feel that the average airman is

5 The 3-level award happens at a known time based on the length of IST. The 5- and 7- level 
awards are based on individual accomplishment and can occur at a variety of times. Our 
survey also queried SMEs to determine, on average, at what YOS these awards occur. These 
averages are used in this table.
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Table 3.3
Statistical Measures of Productivity Values, AFSC 2T3X1

YOS Mean
Std. 
Dev.

Std. 
Error IQR

0.4 (average at 3-level award) 20.9 14.0 1.3 20
1 25.9 15.0 1.4 15
2.4 (average at 5-level award) 61.1 15.6 1.5 25
3 56.5 20.4 1.9 30
5 76.0 18.0 1.7 20
6.8 (average at 7-level award) 79.0 12.0 1.1 15
8 87.0 13.7 1.3 17
12 92.2 10.1 1.0 10

15- to 30-percent fully mission effective. Table E.1 in Appendix E con-
tains data for all seven specialties.

The standard errors are relatively small, indicating that the means 
fairly accurately represent the average effectiveness in this AFSC for 
each year of service or skill-level award point. Similar results are seen 
for all the AFSCs (see Table E.1). The IQRs are rather large, which 
shows the variability in the minds of a relatively small number of 
respondents. Again, we believe these results occur because of both the 
lack of definitive standards and the natural variation of experience 
among the respondents. It is also possible that some respondents did 
not understand the question, but few respondents indicated any dif-
ficulty in the remarks section of the survey.

Deriving Effectiveness Curves

When fitting curves to observations based on percentages that are not 
normally distributed and contain substantial number of observations 
at 0 or 100 percent, it is common practice to use a normalizing trans-
formation of the data. To reduce the variability and better fit a curve to 
the data, we used an arcsine-square root function for this transforma-
tion (a full discussion is found in Appendix F). After the transforma-
tion, we employed a mixed effects model to fit a logistic growth model 
to the transformed data.6 In order to bring the relationship back to 

6 A logistic growth curve is used to model functions that increase gradually at first, more 
rapidly in the middle growth perio d, and slowly at the end, leveling off at a maximum value 
after some period of time.
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the original productivity scale, a reverse transformation was necessary. 
The last three columns of Table E.2 give the mean and the 95-percent 
confident interval after applying the reverse transformation. 

Table E.3 provides the detailed parameter values ( B1 , B2 , B3 ,
u
2 , and 2 ) from the logistic growth model for each specialty. From 

these values, the productivity curves were generated. For each of these 
parameters, the table provides the mean value, confidence interval, and 
measures of statistical significance in the model. Of particular note is 
the small p-value for all the parameters indicating that in every case 
we have statistically significant values. This indicates that each of the 
parameters in the estimated equation is not zero.

Figure 3.4 is the result of fitting a curve to the predicted data for 
the 2T3X1 specialty. The upper and lower lines represent a 95-percent 
confidence interval about the predicted means. The tight confidence 
intervals for the predicted values provide assurance that, despite possi-
ble random processes, we have an accurate rendering of the true points 
on the curve.

Figure 3.4
Fit of Survey Productivity Data, AFSC 2T3X1
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Scaling the Effectiveness Curves

As noted above, questions relating effectiveness and years of experi-
ence were asked in two different ways. First, we started with a fixed 
level of effectiveness (100-percent) and asked respondents to determine 
how long it takes to achieve that level. Second, we asked what level of 
effectiveness is achieved for a fixed number of years of experience. The 
responses to these two kinds of questions lead to potentially inconsis-
tent results. For example, as shown in Figure 3.3, the median response 
regarding the time required to reach 100-percent effectiveness is about 
six years. However, when asked what the level of effectiveness is at 12 
years, the median response is only about 90-percent.

Because this inconsistency occurred across all the specialties, we 
believe that it reflects respondents’ willingness to attach a number of 
years of experience to 100-percent productivity but unwillingness to 
attach 100-percent effectiveness to any specific years of experience. 
From this we infer that when respondents focused on years of experi-
ence, they could always think of something more that airmen could 
learn that would increase their effectiveness. We believe that these 
additional skills are mostly related to location-unique needs and lead-
ership or management tasks. Although important, the latter skills are 
not within our definition of the fundamental skills necessary for a 100-
percent effective worker.7 We therefore scaled the productivity curves 
to the years of experience required for 100-percent effectiveness in each 
of the respective specialties.

In Figure 3.5, we have scaled the productivity curves shown in 
Figure 3.4 such that an individual becomes fully mission effective 
(100-percent productivity) at the “go-to” point (Figure 3.2), the aver-
age amount of time to reach 100-percent effectiveness. For AFSC 
2T3X1, the average time to 100-percent productivity, as given by the 
respondents, is about five years. This aligns with the approximately 80-
percent productivity level specified by respondents when they were asked 
the question in terms of years of service. Thus, we scaled the produc-

7  We ran excursions where the productivity curves were scaled to the 7-level point instead 
of the “go-to” point. The results, shown in Chapter Five, hold independent of the point to 
which the curve is scaled.
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Figure 3.5
Scaling the Productivity Curves to the “Go-to” Point, AFSC 2T3X1
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tivity curve to reach 100-percent effectiveness around the fifth year.8

The same transformation was performed for each of the specialties 
and used in the subsequent analysis. In the other specialties, the “go-
to” point range was 75- to 84-percent productivity, with the average 
around 80 percent. 

In Figure 3.6, we show all seven of the fitted productivity curves. 
These curves begin at the time of graduation from IST and extend 
upward until 100-percent productivity is achieved. The cryptologic 
AFSCs, 1A8X1 and 1N3XX, have significantly longer IST periods 
than the other five specialties, and so their curves begin farther to the 
right and at a lower level of productivity despite the longer IST length. 
This is primarily due to the difficulty of the foreign language skill they 
must learn. Also of note is that extending these curves back toward the 
origin gives a rough idea of the aggregate rate of learning during IST. 
Since the slope of this extension and the slope of the OJT effective-

8 We scaled 80-percent to 100-percent by multiplying 80-percent by 100/80 (or 1.2). We 
multiplied all the original values by the same factor.
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Figure 3.6
Comparison of Fitted Productivity Curves
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ness curves for these specialties are similar, we conclude that the rates of 
learning in and out of IST are roughly the same. IST provides a good 
foundation, but airmen continue to learn the language at approximately 
the same rate in OJT. Because productive work is also accomplished 
in OJT, it may make sense to do more of the learning in OJT. In order 
to better understand whether IST reductions might have unexpected 
consequences, we look at the effect of removing content based on the 
SMEs’ survey opinion.

This figure also shows that the five noncryptologic specialties all 
start in the same general area of IST completion time and productivity, 
25- to 30-percent. Among these, the two aircraft maintenance special-
ties (AFSCs 2A3X3A and 2A5X1E) start marginally lower but reach 
fully productive status faster than the rest. During IST, these two spe-
cialties do not train on real equipment. Rather, their first exposure to 
the actual weapon system is at their unit of assignment. These main-
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tenance specialties depend on Field Training Detachments (FTDs) to 
provide hands-on, concentrated training. The FTD is, in essence, a 
hybrid between IST and OJT. One hypothesis for the rapid rise in 
effectiveness is the important effect of FTD and the ability to train on 
real systems. 

Determining What Curriculum Elements Should Be 
Dropped or Added

Having developed the productivity curves, we next focused on the 
questions related to incremental changes to IST. Before discussing how 
we quantified these changes, we first look at the qualitative responses 
given in response to the questions of what should be added or removed 
from IST. In particular, this section considers response patterns within 
the open-ended response section in questions 19 and 20. We not only 
analyze specific suggestions given by respondents but also consider the 
implications of a blank or skipped response.

 The survey did not specifically provide an option for respon-
dents to indicate that they would prefer “no change” to IST. Instead 
the survey asked respondents to provide textual replies to questions 
on additions to and deletions from IST. In Figure 3.7, we see that, on 
average, only a small percentage of respondents, approximately 5 to 10 
percent, wrote in responses that could be readily interpreted as “don’t 
add” or “don’t delete.” This would suggest some level of dissatisfaction 
with the current training program. 

Of note are the similar response rates of all but one specialty. 
Only Security Forces had fewer “don’t change” responses, and they 
were significantly fewer. One interpretation of this result is that mem-
bers of the Security Forces specialty are the least satisfied with the cur-
rent IST curriculum.9

9 We must strongly caveat this result. We are not saying that the Security Forces are dissat-
isfied with the current IST program. Rather, the survey data suggest that, among the seven 
AFSCs, the Security Forces may be the most dissatisfied with their current IST curriculum. 
Our survey was not directed to determine curriculum satisfaction, and so a more careful 
analysis should be performed in order to substantiate this inference.
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Figure 3.7
Respondents Recommending Neither Increases Nor Decreases in IST
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We also looked at the percentage of individuals who chose to skip 
one or both drop/add questions and those who wrote in “none” (Figure 
3.8). We do not know for sure the reason why an individual did not 
respond to a particular question. It is possible some who had strong 
opinions about changes were frustrated because they were not given 
enough space to write out their opinions.10 For this analysis, we assume 
that the individuals who skipped were, for the most part, satisfied and 
had no suggestions for changes.

If we compare the “drop” bars to the “add” bars, we note that in 
that in the majority of specialties, individuals skipped the “drop” ques-
tion (or wrote in “none”) more than the “add” question. In other words, 
while a significant portion may not have had an opinion regarding

10 The survey allowed only one suggestion for “add” and one for “drop.” The suggestion 
could be a course area, but there were only 256 characters for a response. Some respondents 
did comment on the lack of space to write out their ideas.
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Figure 3.8
Additional Responses to the Drop/Add Question
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what to drop from the curriculum, they definitely had ideas on what 
to add.

For the “add nothing” group (the top of the right-hand bar of 
each set), the individuals in the two longer technical training courses 
(AFSCs 1A8X1 and 1N3XX) were much more likely to suggest “no 
addition to technical training” than those in a specialty with a shorter 
training duration. The cryptologist specialties may not have the same 
enthusiasm to add content to IST programs because the associated 
courses are already over a year in length. The data are inconclusive, 
though, for dropping some of the course content.

Discussion of “Suggestion” Responses

It is also worthwhile to look at the responses from the opposite per-
spective—comparing the patterns of respondents who did have sugges-
tions for additions and deletions. Figure 3.9 indicates the percentage of
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Figure 3.9
Respondents Who Suggested Both Deleting and Adding
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respondents who had a suggestion for both deleting and adding course 
elements alongside those who provided only a suggestion for something 
to delete and those who provided only a suggestion for something to 
add. The group of respondents who provided both an add suggestion 
and a delete suggestion are relatively consistent (19–28 percent) across 
all seven specialties. Respondents who provided both a “drop” and an 
“add” suggestion highlight the potential for curriculum trades. 

The message is similar to that of Figures 3.7 and 3.8. The respon-
dents in specialties with longer IST were more likely to have only sug-
gestions for something to delete; the respondents in the shorter IST 
programs were overwhelmingly more likely to have only suggestions 
for something to add. In Figure 3.10, we compare the percentage of 
respondents suggesting something to add versus those who specifically 
wrote “No, don’t add anything” in Question 19. In the programs with 
shorter IST, respondents were strongly in favor of adding; very few 
respondents specifically suggested that nothing should be added (most 
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Figure 3.10
Respondents Who Suggested Adding Compared with Those Who 
Suggested Not Adding 

RAND MG555-3.10

90

80

70

60

50

40

30

20

10

3E7X12T3X12A5X1E2A3X3A

Yes, add

No, don’t

1N3XX1A8X1 3POX1

100

Pe
rc

en
t

0

NOTE: 1A8X1 = Airborne Cryptologic Linguist; 1N3XX = Cryptologic Linguist;
2A3X3A = F-15 Maintenance; 2A5X1E = B-1/B-2 Maintenance; 2T3X1 = Special 
Purpose Vehicle Maintenance; 3E7X1 = Fire Protection; 3POX1 = Security Forces.

notably the 2A5X1E, 2T3X1, 3E7X1, and 3P0X1 specialties). In the 
longer IST programs, that result is not as clear. A much smaller percent-
age of respondents suggested an addition, and the difference between 
those who suggested adding and those who insisted that no additions 
be made is considerably smaller. 

Similarly, Figure 3.11 compares the percentage of respondents 
answering with a “delete” suggestion versus those who wrote, “No, 
don’t delete anything.” In this case, the results are much less striking. 
Respondents in the specialties with the longest IST courses were more 
than twice as likely to suggest something to delete as to request no 
deletion at all. In the five specialties with shorter IST, the percentage 
of respondents suggesting a deletion is similar to those suggesting that 
no deletions be made. 
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Figure 3.11
Respondents Who Suggested Dropping Compared with Those Who 
Suggested Not Dropping
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A final observation comes from an examination of the effect on 
productivity for dropping course content. Respondents had no diffi-
culty associating an increase in training with an increase in produc-
tivity. The increase in productivity with an increase in the length of 
technical training implied a value-added block of instruction. The 
responses for dropping content were much different. When asked about 
the productivity effect at IST graduation, the majority of respondents 
who suggested dropping content answered that there would be zero 
effect. This implies that the respondents felt some course element had 
no value added in terms of productivity. Figure 3.12 shows the per-
cent of respondents who suggested dropping content with no loss 
in productivity—in other words, that some training time had been 
wasted. 
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Figure 3.12
Percentage of Respondents Who Suggested Drops from IST with No Effect
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To better understand these results, it is helpful to consider some 
examples within the specialties. In the case of AFSC 1A8X1, there 
is some redundancy in the program, which functions as a screening 
tool.11 An individual in this specialty might well see this redundancy as 
unnecessary. Individuals in AFSCs 2A3X3A and 2A5X1E learn basic 
maintenance until they actually arrive on base and start to receive 
training on their specific aircraft. The nonspecific parts of the course 
may appear unnecessary. AFSC 3P0X1 has numerous roles in the Air 
Force (base defense, law enforcement, nuclear security, and—more 
recently—deep battle engagement). Individuals receive some training 
for each of these roles even though their initial assignment will not uti-
lize all the training elements. 

11 The relationship of redundancy to screening is the following: Some of the instruction is 
done early on and quickly to find people who are unable to grasp it. The instruction is then 
revisited later in the program at the depth required for proficiency. 
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Summarizing the Qualitative Data

We conclude this section with some general observations based on the 
above qualitative analysis. Table 3.4 summarizes some of the indicators 
from the previous figures by specialty. The column “Write-in Com-
ments” refers to indicators from respondents’ written comments. The 
column “Add vs. Drop Comparison” refers to whether the preponder-
ance of responses favored adding or dropping content. The analysis 
above suggests that respondents in AFSCs 1A8X1 and 1N3XX recom-
mend dropping curriculum content, with those in AFSC 1A8X1 pro-
viding strong evidence in their write-in comments. Results for AFSCs 
2T3X1, 3E7X1, and 3P0X1 suggest adding to their curricula.

A detailed analysis of the written comments is found in Appen-
dix G. 

Table 3.4
Summary of Specific Survey Responses to Drop/Add Questions

AFSC  Specialty Title
Write-in 

Comments
Add vs. Drop 
Comparison

1A8X1 Airborne Cryptologic Linguist Don’t add Drop

1N3XX Cryptologic Linguist Drop

2T3X1 Special Purpose Vehicle 
Maintenance

2A3X3A F-15 Tactical Aircraft 
Maintenance

2A5X1E B-1/B-2 Aerospace Maintenance Don’t drop Add

3P0X1 Security Forces Don’t drop Add

3E7X1 Fire Protection Add

Developing Incremental Change Functions

We now turn our attention to a quantitative analysis of the drop/add 
responses. In each case, respondents were asked to name a skill to be 
dropped or added, then to estimate the length of the training content 
and the resulting change in productivity.
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Figure 3.13 represents most of the responses for AFSC 2T3X1. 
The x-axis represents the suggested change in the number of training 
days. The y-axis represents the change in the effectiveness percentage 
at the end of IST. The figure shows curves in only two quadrants: the 
upper right, in which adding days increases final productivity, and the 
lower left, in which subtracting days decreases productivity.12 (Some 
responses were off the chart.) We used these data to fit curves, one for 
each quadrant, using a second-order polynomial model. These curves 
show an expected decreasing return to scale in both quadrants. We 
also estimated the upper and lower bound of the 95-percent confi-

Figure 3.13
Fitting a Curve to the Drop/Add Questions, AFSC 2T3X1
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12 As noted earlier, we did have a small number of responses that added days and reduced 
productivity or subtracted days and added productivity (typically 0–3 respondents per spe-
cialty). Because it was unclear whether the respondents misunderstood the question or did 
not know how to answer the question properly, these observations were dropped.
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dence interval. We fit curves for each of the specialties achieving statis-
tically significant fits.13

The computed lines likely overestimate the effect of changes to 
the curriculum. This is due to the fact that we averaged the individ-
uals’ “pet rocks,” thereby creating a consistent bias in the predicted 
curve. For example, one person suggested adding one day of “A” for an 
increase in productivity of 10 percent and another suggested adding 
one day of “B” for an increase of 15 percent. If those were the only 
two responses, we would develop a point estimate relating a one-day 
increase in training to a 12.5-percent increase in effectiveness. But if 
the person who said “A” was asked about the effect of adding “B”, he 
might say that only a 2-percent change in productivity would occur. 
Likewise, the person who suggested “B” might think that “A” improves 
productivity by only 1 percent. Then, on average, we would have a 6-
percent change for adding “A” and an 8-percent change for adding “B.” 
Therefore, a one-day change in the course would increase effectiveness 
by either 6 percent or 8 percent, depending on what was added, not 
by the 12.5-percent that is based on the information available for our 
evaluation.

An alternative way of approaching the add/delete analysis would 
have been to determine the top 10 items of content to add and the top 
10 items of content to drop, as well as the length of training time for 
each item as determined by experts. We would have then asked each 
individual to determine the effect on productivity at the end of IST that 
adding or deleting that item would have. If we had used this approach, 
we could have estimated the change in productivity for adding or sub-
tracting course elements with a greater degree of accuracy.

Despite these limitations, we wanted to use these data and the 
derived curves to help estimate the effects of changing the length of 
IST. Note again that there is much greater variation in the “add” data 
than in the “drop” data. In particular, variance in the data and confi-
dence intervals for adding are three to four times greater than the vari-

13 All the add functions were significant at the 90-percent level. The drop curves for AFSCs 
2T3X1 and 2A3X3A were not statistically significant at the 90-percent level, primarily 
because of the small number of responses.
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ance in the data for dropping. Additionally, the loss of effectiveness for 
dropping is generally quite small, with a large number of the “drop” 
responses suggesting that reducing some course content would cause 
no loss in productivity. Because of this, it made little difference which 
curve we used to represent the “drop” data. Therefore, we used the 
median line. On the contrary, the wide variation in the “add” data 
made the selection of a curve to represent these data more sensitive. We 
wanted to recommend additions to IST only when there was strong 
supporting evidence. We also wished to minimize the general overes-
timation of the effect of adding course length. For these reasons, we 
used the lower limit of the confidence interval as our estimate of the 
impact of adding to course length. This also allowed us to appeal to an 
a fortiori argument based on these conservative assumptions that only 
strengthens any recommendation to add to course length.

Figure 3.14 shows the fitted curves for adding content for each 
of the seven specialties. Comparing the lower limits of the confi-
dence interval, we find that AFSCs 1A8X1 and 1N3XX show the least 
increase in productivity for increases in course content, whereas AFSC 
3P0X1 shows the greatest payoff for increasing course content. This is 
consistent with the results we have already discussed.

A simpler measure that captures the desirability of adding course 
content is the average change in productivity at graduation across all 
observations. Table 3.5 shows these values ordered from least to great-
est. Larger values suggest greater effects in productivity from adding 
days. Similarly, small changes in the average productivity suggest that 
less is to be gained by increasing the course content. Similar to the 
curves in Figure 3.14, AFSCs 1N3XX and 1A8X1 have the smallest 
change, and AFSC 3P0X1 shows the largest average change. 

For dropping content (decreasing course length), we wanted to 
eliminate instruction that has the smallest impact on productivity. 
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Figure 3.14 
Incremental “Add” Functions
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Table 3.5
Average Change in Productivity for Adding One Day in IST

Specialty
Average Change in 

Productivity for One 
Additional Day of IST

1A8X1: Airborne Cryptologic Linguist 0.35

1N3XX: Cryptologic Linguist 0.40

2A3X3A: F15 Maintenance 0.53

2T3X1: Special Purpose Vehicle Maintenance 0.91

3E7X1: Fire Protection 0.96

2A5X1E: B1/B2 Maintenance 0.96

3P0X1: Security Forces 1.64



A Survey to Determine Productivity and Effectiveness    47

Figure 3.15 shows the fitted lines for all seven AFSCs. The two cryp-
tologic specialties, AFSCs 1A8X1 and 1N3XX, have curves essentially 
lying on the negative x-axis. This means that decreasing IST would 
have little impact on the productivity level at IST graduation. On the 
other hand, even a very small decrease in content for AFSC 3E7X1 
would have a huge impact in the productivity of IST graduates. This 
result is understandable given that students must reach a well-specified 
skill threshold—national certification to fight fires—before gradua-
tion. Any reduction in training would result in the loss of their fire-
fighting certification and a need for more training at the unit before 
they could begin contributing to the mission.

If we look at the average change in productivity (Table 3.6), we 
see results similar to the fitted curves. For deletions from IST, it is 
desirable to have the smallest average value indicating the least impact

Figure 3.15
Incremental Drop Functions
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Table 3.6
Average Change in Productivity for Dropping One Day in IST

AFSC
Average Change in Productivity 

for One Less Day of IST

1N3XX: Cryptologic Linguist 0.06

2A3X3A: F15 Maintenance 0.11

1A8X1: Airborne Cryptologic Linguist 0.19

2A5X1E: B1/B2 Maintenance 0.20

3P0X1: Security Forces 0.41

2T3X1: Special Purpose Vehicle Maintenance 0.47

3E7X1: Fire Protection 1.89

on graduation effectiveness for reductions in IST. Once again, AFSC 
3E7X1, Fire Protection, has a very large negative impact on productiv-
ity for one less day of training. 

Based on these results, we now expand our summary in Table 3.7. 
The estimated incremental change functions (drop/add curves) reflect 
the rate of change in productivity for increases or decreases in course 
length and, by extension, course content. The drop/add curves sug-
gest that AFSCs 1A8X1 and 1N3XX might be candidates for decreas-

Table 3.7
Expanded Summary of Specific Survey Responses to Drop/Add Questions

AFSC Specialty Title
Write-in 

Comments

Add vs.
Drop 

Comparison

Incremental 
Change 

Functions

1A8X1 Airborne Cryptologic 
Linguist

Don’t add Drop Decrease

1N3XX Cryptologic Linguist Drop Decrease

2T3X1 Special Purpose 
Vehicle Maintenance

Increase

2A3X3A F-15 Tactical Aircraft 
Maintenance

Increase

2A5X1E B-1/B-2 Aerospace 
Maintenance

Don’t 
Drop

Add Increase

3P0X1 Security Forces Don’t drop Add Increase

3E7X1 Fire Protection Add Increase
Don’t 
decrease
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ing course length. The results from the other five AFSCs suggest some 
payoff for increased course content. AFSC 3E7X1 shows a strong nega-
tive effect for any reduction in course length.

The preceding analysis has focused on specific survey insights. We 
have not yet examined these possible changes in the light of current 
productivity at the unit level. In the next chapter, we use the productiv-
ity curves, the change functions, and the calculated costs of a specialty 
to determine optimal productivity for a given cost. 
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CHAPTER FOUR

Calculating Total Cost

Overview

A key component of a cost-benefit analysis is measuring the total cost of 
each alternative. To cost out each of the seven specialties, we included 
the first order costs associated with direct salaries as well as IST and 
OJT. We relied on a combination of sources. Our primary source was 
AFI 65-503 (Secretary of the Air Force, 1994b), attachments 17-1, 
18-1a, and 19-2. We also used the Air Education and Training Com-
mand, Directorate of Operation’s (AETC/DOR’s) Technical Training 
Cost Model for advanced training costs. When needed, we used the 
weighted inflation rates of the Deputy Assistant Secretary of the Air 
Force for Cost and Ecomonics (SAF/FMC) to convert to a common 
year, 2005. We do not claim that these costs represent the detail level of 
a POM cost estimate. However, they do include the primary cost ele-
ments, they all come from the same sources, and they all have the same 
assumptions applied. Although it is important and desirable for the 
costs to be as complete and accurate as possible, it is far more impor-
tant in a cost-benefit analysis that the costs are consistent relative to 
each other. 

Productive Activity and Human Capital Development 
Costs

In developing pay-related costs, we used the composite pay method-
ology described in AFI 65-503. Composite pay is a function of basic 
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pay for grade and year of service, retired pay accrual (27.5-percent), a 
flat medical health care accrual, basic allowance for housing based on 
grade, average incentive and special pays (to include aircrew) based 
on grade, and a miscellaneous pay based on grade. The miscellaneous 
pay includes subsistence, family separation allowance, separation pay-
ments, employer’s contribution of the social security tax, overseas sta-
tion allowances, death gratuities, reenlistment bonuses, special duty 
assignment pay, clothing allowances, and unemployment compensa-
tion. We did not include permanent change of station costs.

We divided total pay-related costs into two categories, the cost 
of productive activity and the cost of HCD. The cost of productive 
activity is defined as composite pay times the productivity level of the 
individual. HCD cost is defined as the composite pay times 1 minus 
the individual’s productivity level. Our definition of HCD cost is the 
common way to measure HCD in the human capital accounting lit-
erature (Flamholtz, 1999).

Training Costs

Training costs were taken from AFI 65-503, Table A18-1a, which 
is compiled from AETC’s Training Cost Report database. We also 
included BMT in the initial skills cost. We used AFI 65-503, Table 
A17-1, for the accession and recruiting costs.

For increased course lengths, we proportionally increased the 
cost of IST based on its initial cost and length. We did the analogous 
decrease in cost for decreases in IST course length.

For advanced training costs, we determined an historical aver-
age cost per person for each AFSC. There are over 1,000 advanced 
skills and professional military education (PME) courses historically 
taken by individuals in our seven AFSCs. We used the actual length of 
each course and the historical percentage of personnel by experience-
level attending the course to develop an approximate cost. We derived 
course attendance from personnel data.1 Table 4.1 shows the non-PME

1 Unfortunately, a perfect match between personnel records and the advanced training 
course data was not possible. Many course codes in the personnel data could not be directly 
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advanced training that was estimated for AFSC 2T3X1. Column 1, the 
level, is the approximate skill level of an individual receiving the train-
ing; column 2 is the historical percentage of individuals at that level 
who received the training.

For advanced training costs, we used published AETC data and 
added a factor for per diem and travel. Total advanced training costs 
were small compared to other costs and our results were not sensitive 
to changes in the associated cost factors.

On-the-Job Training Costs

For OJT costs, we used the composite pay times 1 minus the produc-
tivity level. In other words, OJT cost is defined as the cost of paying 
an individual’s salary for non-productive time. This is based on the 
assumption that the less effective an individual is, the more time the 
individual spends learning or in training. We were not able to include 
the cost of the supervisors’ time or any increased maintenance costs as 
unit experience levels dropped (e.g., increases in poorer quality work or 
mistakes such as broken equipment). We did adjust the OJT learning 
rate if 5–7 level manning fell below authorized strength.  Essentially, 
we used a factor that slowed the rate of OJT attainment by the percent-
age of the manning shortfall. In the steady state analysis, this rarely 
occurs. 

matched with codes in the course list. Our first attempt resulted in the ability to match 
codes and identify courses for only about 50-percent of the entries in the personnel records. 
Some common errors in entering course codes into the training records included mistaking 
similar characters, such as numeric 0 and alphabetic O. After resolving the common errors 
and examining some course descriptors, it was possible to greatly increase the number that 
matched. Eventually, we were able to match about 80-percent of the codes. Since most of the 
unmatched codes were for courses that were not widely attended, 80-percent of the codes 
accounted for 95-percent of the training days. 
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Table 4.1
Example of Additional Training in AFSC 2T3X1

Level %
Length
(days) Title

3 82 50 Interservice Mechanic Apprentice Course

7/9 41 20 Vehicle Maintenance Superintendent

3/5 39 3 Air Force Training Course

5 13 11 A/S32 P-23 Fire Truck Organizational/Intermediate (O/I)
Maintenance

3/5 10 12 Diesel Engine Maintenance

3/5 10 8 Landoll Deicer O/I Maintenance

5 9 10 Diesel Engine Maintenance

3/5 8 20 Vehicle Diagnostic Test Equipment and Electrical
Systems

3/5 7 10 Steering, Suspension, Wheel Alignment, and Antilock
Brakes

3/5 7 5 Vehicle Air Conditioning Systems

5 7 13 A/S 32p-19 Fire Truck O/I Maintenance

5 7 12 Oshkosh R-11 Refueler O/I Maintenance

3/5 6 5 FMC Halvorson 25k Cargo Loader Maintenance Course

5 6 14 System and Electronic Inc 60k Loader O/I Maintenance

5 6 12 Automatic Transmission/Transaxle Maintenance

5 5 10 Systems and Electronics 60k Loader O/I Maintenance

5 5 12 Kovatch R-11 Refueler O/I Maintenance

3/5 4 64 Vehicle Body Mechanics (USAF) 

5 4 2 Air Force Technical Order System

3/5 3 5 Power Steering, Antilock Brake and Supplemental 
Restraint Systems

3/5 3 8 Vehicle Test Equipment/Electrical System Analysis

5/7 3 22 Teaching Internship

5/7 3 4 Principles of Instructional Systems Development

5 3 10 Vehicle Maintenance Control and Analysis Craftsman

5 3 5 Vehicle Test Equipment

5/7 2 5 Objectives and Tests

5/7 2 4 Space Corp 40k A/Sh-6 Cargo Loader O/I Maintenance

3 2 7 Southwest Mobile 25k Cargo Loader Maintenance

3 2 10 Systems And Electronics 60k Loader O/I Maintenance
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Table 4.1—continued

Level %
Length
(days) Title

5 2 9 Southwest Mobile 25k Loader O/I Maintenance

5 2 10 Tri-State R-12 Hydrant Hose Truck O/I Maintenance

5 2 5 Power Steering and Power Brakes Maintenance

7 3 7 Training Supervisor

7 2 25 Basic Instructor Course

7 1 3 Sorts Data Handler (USAF)

7 1 13 A/S32 P-15 Fire Truck O/I Maintenance

7 1 3 Environmental Compliance Assessment and 
Management Program

7 1 3 Pollution Prevention Program Operations and
Management
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CHAPTER FIVE

Cost-Effective Course Lengths

In this chapter, we integrate the analysis of the previous chapters and 
demonstrate ways in which the Air Force can determine the length 
of IST that will minimize training costs, maximize productivity, or 
minimize force strength. Cost trade-offs are, of course, a primary con-
cern for the Air Force. However, overall productivity has a significant 
impact on the quality of the force and its ability to perform specific 
missions. Force size also becomes important particularly in times of 
force reductions, as are projected over the next five to six years. Fur-
thermore, these measures are not independent, and so it is also impor-
tant to understand the interactions among them. 

We begin this chapter by answering the question, How can we 
calculate the full cost of human capital development? Once this ques-
tion is answered, we can use the same methodology to determine 
whether adding or subtracting from IST course lengths will increase or 
decrease costs. This leads us to discover the IST/OJT split that has the 
most impact on our outcome measures. Finally, we focus on each of the 
three measures of performance: cost, productivity, and force strength.

The Full Cost of Human Capital Development

Figure 5.1 depicts the population of AFSC 2T3X11 by YOS and 
skill level. The steady state force is characterized by constant attri-

1 We use AFSC 2T3X1 as our example case throughout this chapter.
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tion2 and reenlistment rates. The increase in the force that occurs 
between YOS 9 and 14 is the result of crossflows in and out of other 
specialties.

Figure 5.2 depicts the previously scaled productivity curve (Figure 
3.5), now represented in discrete years of service.

To calculate total productivity, we take the productivity at each 
YOS and multiply it by the population of that YOS and by the percent-
age of airmen who are not in additional training in that YOS. We then 
sum the individual year of service productivity values into a single pro-
ductivity index for the specialty (see equation below). The productivity 
index is the number of fully qualified journeymen who would produce 
the same outputs as the specialty’s given mix of journeymen and OJT

Figure 5.1
Steady State Population by YOS and Skill Level, AFSC 2T3X1
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2 Attrition varies by YOS but not year to year. That is, a 2005 population will experience 
the same rates as the projected 2010 population.
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Figure 5.2
Discrete Productivity Values by YOS, AFSC 2T3X1
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trainees. Figure 5.3 shows the population by YOS and the correspond-
ing productivity values used to compute the productivity of the force.3

T P W N
i

i
i i

0

29

where
T  = sum of the productivity of the force over all years of service 
(0 to 29)
P

i
 = population of year of service i

W
i
 = productivity for one person in year of service i

N
i = percentage of airmen who are not in additional training for year   

of service i.

Likewise, we calculated the pay costs associated with each individ-
ual year of service separated into costs of productive activity and OJT. 
Total HCD costs would include costs associated with OJT, recruiting, 

3 Not shown graphically is the third factor, the percentage of airmen who are not in addi-
tional training.
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Figure 5.3
Calculating Total Productivity

RAND MG555-5.3

500

400

300

200

100

0
262422201816141210864

YOS
20 28

600

Po
p

u
la

ti
o

n

Level 1
Level 3
Level 5
Level 7
Level 9

90

40
30
20
10

0
262422201816141210864

YOS
20 28

100

Pr
o

d
u

ct
iv

it
y 

(%
)

80

60
50

70

YOS 0:
Pop 557 x 36% x 55% =  110

YOS 1:
Pop 500 x 55% x 97% =  268

YOS 2:
Pop 471 x 74% x 96% =  336

YOS 29:
Pop 3 x 100% x 100% =      2

Total productivity 3,700

•
•
•

•
•
•

accessing, and initial skills training. Summing all costs give us the total 
cost of the AFSC 2T3X1 force (Table 5.1).

In this case, the productivity of a steady state force of 4,357 
individuals is 3,700 fully effective equivalents. Dividing the total 
costs, $304.6 million, by the total productivity, we get the value of 
$82,330—the cost for generating one unit of productivity. This gives 
us the key methodology needed to determine the cost of human capital 
development.

Reducing Human Development Costs

The next question is, Can we reduce the cost of generating a unit of 
productivity by a different division between IST and OJT? In Figure 
5.4, we take our scaled productivity curves and apply the results of the 
on incremental change function. Although they are difficult to discern
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Table 5.1
Cost Measures, AFSC 2T3X1

Category $ Million Other Measures Value

Productive activity 188.4 Actual force 
size

4,357

OJT 23.2

Recruit/access 4.3 Total 3,700

Initial skills training 16.7 production

Advanced training 3.5

Retirement accrual 68.6

Total cost 304.6a Total 
cost/total 
production $82,330

aNumbers do not sum exactly because of rounding.

Figure 5.4
Effect of IST Changes on Productivity Curves, AFSC 2T3X1
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on the figure, each of the three lines has a different YOS starting point. 
The base case starts at approximately 0.45 years of service. The “Add 
5 Days” line starts at 0.47 years, and the “Delete 5 Days” line starts at 
0.43 years. 
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As noted earlier, these effects are exaggerated because of the 
cumulative effect of individual recommendations to add elements, 
even when we discount this effect by using the lower 95-percent con-
fidence curve.

Cost, Productivity, and End Strength

We used a steady state force structure to examine the effect of chang-
ing IST length for each measure. First, we held work force strength 
(the total size of the working force) constant, then we held productivity 
constant, and finally we held the total cost of the force constant.

Constant End Strength

In Figure 5.5, work force strength is held constant while productivity 
and cost are allowed to vary. In this chart, the horizontal axis shows 

Figure 5.5
Steady State Results (Maintain Work Force), AFSC 2T3X1
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changes in course length (and by extension, content). The bars corre-
spond to units of productivity and are measured using the vertical axis 
on the left. The curve corresponds to the total cost (in millions of dol-
lars) using the vertical axis on the right.

The base case represents no change in course length and is the 
0 point on the x-axis of the chart. As expected, holding work force 
strength constant, any increase or decrease in course length has a cor-
responding effect on cost. Additionally, decreases in course length 
decrease productivity; increases in course length, up to ten additional 
days, increase productivity. Increases beyond ten days do not increase 
productivity because the man-years lost to training are not offset by the 
increase in individual productivity. Another way to view this is that a 
0.3-percent change in cost ($304.5 million to $305.5 million) results 
in a 5.0-percent change in productivity (3,700 to 3,850)—an order of 
magnitude increase. 

Continuing the analysis, we then determine the cost per unit of 
productivity (Figure 5.6). Each bar is the cost per unit of productivity 
and is the result of dividing the total costs by the total productivity at 
each point. (In this graph, a lower value is better.) From the graph, we 
see that the cost per unit of productivity decreases as we move from 
the left (large decreases in course length) to the right (large increases 
in course length). At ten additional days of course length, the direction 
changes, and the costs increase at fifteen days of increased instruction. 
The shaded region of the chart represents the 95-percent confidence 
interval for the base case productivity curves. We ran the model for 
the lower and the upper limit of the confidence interval. The difference 
between them was $2,700 per unit of productivity ($1,350 above and 
below the mean).4 Thus, cases with costs within this range are not sta-
tistically distinguishable from the base case. Alternatively, cases with 
costs outside this range can be differentiated statistically from the base 
case.

4 At the baseline value of no change to course length, the cost per unit of productivity 
ranged from $81,100 to $83,800.
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Figure 5.6
Steady State Results (Cost/Benefit Curve), AFSC 2T3X1
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NOTE: Differences must be greater than $1,350 per unit of productivity for statistical 
significance.

We conclude that, for a constant career field size, the Air Force 
could realize a cost per unit of productivity decrease by increasing 
the length of IST training for the 2T3X1 career field. Although our 
estimates of cost and productivity are approximate, the $3,500 dif-
ference in cost per unit of productivity for the addition of ten days of 
IST shown in this analysis is evidence that additional days of train-
ing should be considered. Furthermore, the ratios of cost to produc-
tivity shown above are also very useful in examining the trade-offs 
when either productivity or cost is held constant. In particular, the 
corresponding IST course lengths in the “maintain productivity” and 
“maintain cost” charts (Figures 5.7 and 5.8) that match the “maintain 
work force” chart will yield the same cost per unit of productivity.
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Figure 5.7
Steady State Results (Maintain Productivity), AFSC 2T3X1

Constant Productivity 

In the “maintain productivity” case (Figure 5.7), we hold productiv-
ity constant at 3,700 equivalent fully effective workers and allow the 
work force size and total cost to vary.5 In this situation, the increase in 
training costs (resulting from a longer IST course) is offset by reduc-
ing the work force size (manpower). This kind of trade-off is most sig-
nificant at a time when overall force strength reductions are desired. 
This chart explores cases where lower cost and force strength may be 
attainable while keeping aggregate mission effectiveness (productiv-
ity) constant. Thus, an equally productive workforce is considerably 
smaller than the base case when ten days of IST are added, and is 

5 We realize that in some cases, mission effectiveness requires having at least a minimum 
number of specialists to fill all the necessary positions. In these cases, the former trade 
between cost and productivity with fixed end strength will be more significant.

R
eq

u
ir

ed
 f

o
rc

e 
si

ze

To
ta

l c
o

st
 (

$M
)

RAND MG555-5.7

4,300

4,250

4,200

–3–5–7–10

Changes in course length and content

Productivity = 3,700

–15–20 –2 0–1 3 5 7 10 15 2021

4,450

4,000

305

300

310

280

4,350

4,400

4,150

4,100

4,050

295

290

285

Force size
Total cost



66    Finding the Balance Between Schoolhouse and On-the-Job Training

Figure 5.8 
Steady State Results (Maintain Cost), AFSC 2T3X1
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therefore considerably cheaper. If we hold productivity at 3,700 equiva-
lent fully effective workers and increase the course length by ten days, 
we see a reduction in force size from 4,350 personnel to approximately 
4,200 personnel and a decrease in cost from $305 million to $293 mil-
lion. The increase in productivity coming out of initial skills training
(during the first five years) makes up for the loss of productivity associ-
ated with a smaller work force. This result is very significant. Increas-
ing IST course length does increase IST costs, but the Air Force can 
maintain the same aggregate force effectiveness (productivity) with an 
overall $1 million reduction in cost because the increase in productiv-
ity offsets the increased costs for training.6

6 A significant fraction of the cost savings does come from the force strength reduction of 
150 personnel.
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Constant Cost

Finally, we analyze the trade-off between productivity and force 
strength for a fixed cost. This analysis would likely be of most use 
internally to career field managers who want to understand training 
options given a set budget. In Figure 5.8, we hold total costs constant 
and allow productivity and work force size to vary. In this case, we see 
that a ten-day increase in course length leads to a productivity increase 
with a much smaller reduction in total force size. For example, at the 
same cost of $304 million, we can increase the course length by ten 
days, exactly offset the increased training costs by reducing the per-
sonnel strength by 15 airmen, and increase productivity from 3,700 to 
3,850. In essence we have a tenfold increase in productivity—a gain of 
150 in productivity for the loss of 15 personnel. 

Conclusions

There are some caveats to this analysis. First, we do not take into 
account the need for integer cuts rather than fractional cuts in man-
power authorizations. Proportional cuts in workforce size might sum 
to less than an integer in small work centers. A higher-resolution analy-
sis would take into account this work-center size issue. Second, the 
results are heavily driven by the aggregate approximation we are using 
to represent changes in course length and the accompanying change in 
productivity. Last, the results depend on the validity of the productiv-
ity functions. Suggestions for improving our methodology to mitigate 
these concerns will be provided in the next chapter.

In this chapter, we used effectiveness curves and costs to develop a 
methodology for generating and selecting the preferred change (if any) 
to IST. We have shown how our methodology can be used to answer 
the following policy questions:

For a given force size, what IST course length provides a work 
force at the least cost?
Given a desired level of force effectiveness (productivity), how 
does IST course length impact the force size and cost?

•

•
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Given a fixed budget, what impact does IST course length have 
on the total force size and aggregate productivity?

This methodology can be used by policymakers who want to get 
the greatest “bang for the buck” for a fixed force strength, to trade 
cost and force strength while maintaining mission effectiveness, and to 
set course lengths for a fixed budget to achieve productivity and force 
strength goals. We performed this analysis for all seven specialties we 
analyzed. The corresponding plots are found in Appendix H. 

•
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CHAPTER SIX

Recommendations and Conclusions

This monograph has addressed the policy problem of how much 
enlisted training should be included in initial skills training and how 
much in on-the-job training. To make this distinction, we introduced 
the notion of the full cost of human capital development. The cost of 
IST is relatively easy to calculate because these training system costs 
are identifiable within the Air Force budget and because airmen-in-
training are 100-percent dedicated to their training activities. The cost 
of OJT is much more difficult to capture—particularly the cost of an 
airman’s time spent in training rather than in performing productive 
work. Using a survey instrument of career field experts, we developed 
productivity curves for this purpose. The survey instrument was also 
used to derive functions relating the change in IST course length to 
the increase or decrease in productivity at the end of IST. Finally, we 
combined these analyses to determine the impact of changes in the IST 
course length on cost, productivity, and end strength. 

The results of this analysis have led us to the following major 
recommendations:

A significant increase in productivity for a small addition in IST 
course length is likely to exist for five of the seven specialties we ana-
lyzed. In these cases, a ten-day increase in course length resulted 
in an improvement in the cost per unit of productivity. The larg-
est gains were seen in AFSCs 3E7X1 and 3P0X1. Table 6.1 sum-
marizes our results. For the example shown in Chapter Five, we

•
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Table 6.1
Expanded Analysis Summary

AFSC
Specialty 

Title
Write-In 

Comments

Add vs. 
Drop 

Comparison

Incremental 
Change 

Functions

Steady
State

Analysis

1A8X1 Airborne 
Cryptologic 
Linguist

Don’t 
add

Drop Decrease

1N3XX Cryptologic 
Linguist

Drop Decrease

2T3X1 Special Purpose
Vehicle
Maintenance

Increase Increase

2A3X3A F-15 Tactical 
Aircraft 
Maintenance

Increase Increase

2A5X1E B-1/B-2 
Aerospace 
Maintenance

Don’t 
drop

Add Increase Increase

3P0X1 Security 
Forces

Don’t 
drop

Add Increase Increase

3E7X1 Fire 
Protection

Add Increase

Don’t 
decrease

Increase

estimated that an increase in IST course length for the 2T3X1 
career field could decrease cost per unit of productivity by approx-
imately $3,500 and overall HCD cost by $12 million. Signifi-
cantly, the extra productivity of the early career force can reduce 
the aggregate force size requirement. For the two remaining 
specialties—AFSCs 1A8X1 and 1N3XX—neither increases nor 
decreases in course length resulted in a statistically significant 
reduction in the cost per unit of productivity. We believe there is 
evidence from the qualitative responses for considering reductions 
in IST for these specialties. Of particular interest are some of the 
specific changes suggested by survey respondents for additions to 
or removals from IST (see Appendix G).
Although we believe these increases are plausible the way we ana-
lyzed them, it would be prudent to replicate them with more specific 
and refined survey estimates. As demonstrated in Chapter Five, our 
approach provides a means for determining the length of IST that 

•
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provides the greatest cost-benefit ratio. This approach is dependent 
on the accuracy of the productivity curves associated with incre-
mental changes in IST content and length. A preferred method 
for determining the incremental change function would be to cal-
culate the change in productivity for a list of specific skills to be 
added to or deleted from IST. We also recommend that future 
productivity surveys be constructed with a top ten list of addi-
tions and a top ten list of deletions be provided to SMEs. We 
believe this would significantly improve estimates of the incre-
mental change function.
The Air Force should also investigate other external measures to vali-
date these productivity functions. As a first step, a more uniform 
set of standards for defining productivity should be developed. 
Additionally, besides Operational Readiness Inspections (ORIs) 
or inspector general inspections, the Air Force could collect real 
production data on airmen of varying experience levels. The Air 
Force uses Organizational Management System (OMS) surveys 
to measure certain aspects of job/task knowledge/performance. 
In our evaluation of the OSR data, we did not find it sufficient to 
develop productivity curves. We recommend that AETC investi-
gate building on current OMS tools to develop productivity curves 
and the functional relationship between incremental changes in 
IST content, course length, and graduate effectiveness.
This analysis also demonstrates the very large role played by the cost of 
OJT. In many instances, OJT imposes very substantial costs that 
are not now factored into training policy decisions. Changes in 
IST course length can, in many cases, avoid an appreciable por-
tion of those costs. An important implication is that future assess-
ments of course-length adjustments should explicitly consider effects 
on the extent and cost of OJT. If they do not, the Air Force will be 
getting an incomplete and misleading picture of the consequences 
of policy. And the sums, as we have shown, can be large.
We recommend that the specific results of this analysis should be 
briefed to the respective AFSC U&TWs as they consider the suit-
ability of the current IST curricula. Although the cost-benefit 
analysis has produced only tentative indicators of possible payoff, 

•

•

•
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we believe there is sufficient motivation for a closer examination 
of the course material that could be added or removed and the 
impact on initial productivity of training graduates, their subse-
quent learning curves, and total HCD cost. 
Finally, we recommend that the AETC Studies and Analysis Squad-
ron  adopt the models and methodology developed in this study for 
future analyses involving the length of IST. Other AFSCs can be 
easily examined to discover opportunities for reducing the total 
cost of training.

•
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APPENDIX A

Air Force Specialty Code Descriptions

The following descriptions, as well as additional details about each spe-
cialty, can be found in Air Force Manual 36-2108, Enlisted Classifica-
tion (Secretary of the Air Force, 1994a).

1A8X1 (Airborne Cryptologic Linguist): “Operates, evaluates, 
and manages airborne signals intelligence information systems and 
operations activities. Performs and supervises identification, acquisi-
tion, recording, translating, analyzing, and reporting of assigned voice 
communications. Provides signals intelligence threat warning sup-
port and interfaces with other units. Performs and assists in mission 
planning. Maintains publications and currency items. Maintains and 
supervises communication nets. Transcribes, processes, and conducts 
follow-up analysis of assigned communications.” (p. 123)

1N3X1 (Cryptologic Linguist): “Performs and supervises acquisi-
tion, recording, transcribing, translating, analyzing, and reporting of 
assigned voice communications.” (p. 155)

2A3X3A (F-15 Tactical Aircraft Maintenance): “Maintains tacti-
cal aircraft, support equipment, and forms and records. Performs and 
supervises flight chief, expediter, crew chief, repair and reclamation, 
quality assurance, and maintenance support functions.” (p. 194)

2A5X1E (B-1/B-2 Aircraft Maintenance): “Maintains aircraft, 
support equipment (SE), and forms and records. Performs production 
supervisor, flight chief, expediter, crew chief, support, aero repair, and 
maintenance functions.” (p. 194)

2T3X1 (Vehicle Maintenance): “Performs vehicle maintenance 
activities on military and commercial design general and special pur-
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pose, base maintenance, aircraft and equipment towing vehicles, and 
vehicular equipment. Activities include inspection, diagnostics, repair, 
and rebuild of components and assemblies.” (p. 300)

3E7X1 (Fire Protection): “Protects people, property, and the envi-
ronment from fires and disasters. Provides fire prevention, fire fighting, 
rescue, and hazardous material responses.” (p. 367)

3P0X1 (Security Forces): “Leads, manages, supervises, and per-
forms security force (SF) activities, including installation, weapon 
system, and resource security; antiterrorism; law enforcement and 
investigations; military working dog function; air base defense; arma-
ment and equipment; training; pass and registration; information secu-
rity; and combat arms.” (p. 395)
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APPENDIX B

Survey Instrument

The figures that follow are screen shots of the actual survey used in 
the analysis. For the 1A8 specialty, some of the wording is different 
because the specialty uses aircrew terminology as opposed to the more 
common enlisted technical training terminology. Figure B.1 shows the 
questions used to determine the specialty background of the respon-
dent. The pull-down menu in question 1 allowed the respondent to 
select one of the seven specialties investigated in this analysis: 1A8X1, 
1N3XX, 2A3X3A, 2A5X1E, 2T3X1, 3E7X1, and 3P0X1.

Figure B.2 contains the core concept and question of the survey. 
The definition of fully mission-effective worker is a critical reference 
for this and the successive questions. The pull-down menus referring to 
rank allowed the user to select from E-1 to E-9. Minimum and maxi-
mum responses allowed the individual to specify a range rather than 
just a single, average number. In pre-tests of the survey, we found than 
many SMEs were more comfortable specifying a range rather than a 
single number.
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Figure B.1
Survey Questions 1–3

RAND MG555-B.1

Figure B.2
Survey Question 4

RAND MG555-B.2
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Figure B.3 shows a free-response box that allowed the respon-
dent to recommend alternative views on the definition of a fully 
mission-effective worker. It also contains the questions used to deter-
mine the shape of the productivity curves. Originally, we had hoped to 
provide respondents with an interactive graph that they could manipu-
late in order to draw their own form of the productivity curve. Doing 
so proved to be too difficult, so this alternative method was selected.

Figure B.4 shows the questions asked in a different way, to gain 
insight into the form of the productivity curve. Instead of asking for 
a specific YOS, we asked the respondent to determine when level cer-
tifications occur, and what productivity is achieved when those certi-
fication levels are completed. That way, we could infer additional data 
points for YOS and productivity.

We realized that our definition of fully mission-effective worker 
did not include skills specific to leadership and management. Those 
skills are acquired at the same time as specific specialty skills are also

Figure B.3
Survey Questions 5–6

RAND MG555-B.3
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Figure B.4
Survey Questions 7–8

RAND MG555-B.4

being developed. Therefore in Figure B.5, we asked questions about 
the rank and YOS needed to become a fully mission-effective leader/
manager. To determine the increase over time in level of managerial 
effectiveness, we also asked about effectiveness for different ranks.

OJT effectiveness is intrinsically linked with the availability of 
supervisors to provide training and oversight. Questions 11 and 12 in 
Figure B.6 assess the amount of time supervisors spend in training and 
the rank and YOS of those supervising OJT. We realized that OJT 
supervisors are sometimes selected from lower grades or with fewer 
YOS because of manpower shortages or high operations tempo. There-
fore, we asked what rank and YOS the ideal supervisor should have.
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Figure B.5
Survey Questions 9–10

RAND MG555-B.5

Figure B.6
Survey Questions 11–12

RAND MG555-B.6
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The number of trainees in a unit, as well as the overall unit man-
ning, affect both supervisors and trainees. Figure B.7 and Figure B.8 
address these issues by asking for reductions in productivity for the 
trainer and the trainee given increasing numbers of trainees and a 
decreasing percentage of manning.

Deployments also have an effect on the ability of an airman to 
increase productivity. Question 17 in Figure B.9 asks how training is 
affected when different combinations of trainee and trainer deploy-
ments occur. Furthermore, we asked in question 18 how effective an 
airman needs to be in order to successfully deploy. 

Figure B.7
Survey Questions 13–14

RAND MG555-B.7



Survey Instrument    81

Figure B.8
Survey Questions 15–16

RAND MG555-B.8

Figure B.9
Survey Questions 17–18

RAND MG555-B.9
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The final questions, 19 and 20, shown in Figure B.10, provide the 
critical information on how to determine the effect on course gradu-
ates’ productivity of adding or deleting course elements from IST. The 
questions ask for the amount of time required in both IST and OJT to 
learn this course element.

Figure B.10
Survey Questions 19–20

RAND MG555-B.10
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APPENDIX C

Defining “Fully Mission-Effective” or 
“Mission-Ready” Airmen

After examining survey results, we realized that respondents reacted 
differently to specific terminology. For example, throughout our survey, 
we use the word “airman” to refer to an enlisted soldier of any rank. 
Unfortunately, this use of the word confused many respondents, who 
were using the word “airman” to refer to a soldier holding one of the 
junior enlisted ranks. 

In this analysis, we relied on a comprehensive and consistent defi-
nition for “fully mission effective” and used the terms “fully mission 
effective” and “100-percent productive” interchangeably throughout 
the survey. After seeing the survey responses, we realized several short-
comings of this decision. First, we allowed respondents to comment 
on and revise our definition of fully mission effective. Not everyone 
took the opportunity to provide comments (on average, 37.7 percent 
of respondents left the field blank) but the responses of those who did 
merit discussion.

Overall, approximately 26 percent of respondents agreed that our 
definition was accurate. However, a comparable number in each spe-
cialty felt that we had either over- or understated what they would con-
sider a fully mission-effective worker to be. In addition, there were indi-
viduals who felt that the definition of fully mission effective should be 
interpreted as job- and/or rank-dependent—once an individual reaches 
100-percent productivity at one job, he/she gets promoted or moves to 
a new job and takes on a new set of responsibilities. Finally, there were 
individuals who adamantly said that there is no such thing as a 100-
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percent productive worker. Table C.1 summarizes these responses for 
each specialty. 

If we assume that the respondents who left the comment field 
blank were satisfied with the definition, more than half of the respon-
dents in each specialty used the same working definition of 100-
percent productive to respond to the survey questions. 

The definition of fully mission effective was derived from prior 
research done in the aircraft maintenance specialty. Respondents in 
the nonmaintenance fields did make comments about the irrelevance 
of some parts of our definition for fully mission effective. Although we 
did modify the survey to make the terminology more appropriate for 
the 1A8X1 specialty, it is possible that a specialty-specific definition for 
100-percent productive would have been more useful.

Lessons Learned in Defining “Fully Mission Effective”

One oversight, which we noticed and corrected early in the survey 
response period, was that we did not include a sizable comment block 
at the conclusion of the survey for individuals to voice concerns or 
feedback about the overall survey. Once we had introduced that feature 
into the survey, more than 60-percent took advantage of the opportu-
nity to respond at length about survey issues. This comment block was 
particularly helpful for identifying respondents who lacked the proper 
experience for their survey data to be worthwhile. Respondents also 
used this block to voice other concerns about general training issues 
within their specialty.

An additional problem was that the open-ended sections of ques-
tions 19 and 20 were not long enough for all the respondents to com-
pletely describe the blocks of training that they would add or subtract. 
Although in most cases it was relatively easy to identify the CFETP 
training module that the respondent was describing, there were obser-
vations in which the description stopped in the middle of a word. 
While this did not affect any of the quantitative research in the body 
of the report, it does increase the uncertainty of the completeness of the 
comments described in Appendix G. 
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Table C.1
Responses to the Term “Fully Mission Effective” (%)

1A8X1 1N3XX 3E7X1 3P0X1 2A5X1E 2A3X3A 2T3X1 Average

Accurate 29 34 21 24 25 24 27 26

Blank 41 21 34 41 44 39 43 38

Overstated 12 17 21 11 13 13 12 14

Understated 18 23 10 14 11 18 15 17

Job/rank 
dependent 0.0 1.4 3.4 4.5 3.2 4.4 1.4 2.6

No such thing 0.0 2.9 0.0 6.3 3.2 1.5 1.4 2.2
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APPENDIX D

Data Cleaning

The survey used in this analysis reached a wide audience and included a 
wide range of responses. It was therefore necessary to carefully examine 
the response data for appropriateness. Our data cleaning process con-
sisted of two separate steps. The first removed entire respondents from 
the data set. The second removed particular responses but retained as 
many of the respondents’ individual answers as possible. The criteria 
for each of these kinds of removals are described in more detail below.

First, we removed from consideration any respondents who indi-
cated that they were no longer active in the specialty from which they 
were invited to participate. These respondents had crossflowed into a 
different AFSC. They were identified by either their written comments 
or because they specified an AFSC in question 2 that did not match 
the AFSC selected from the drop-down menu in the first question. 
In addition, two respondents were deleted in their entirety based on 
their answers. One of these respondents answered “1” in every pos-
sible response blank. The other appeared to have answered the survey 
twice since the responses matched on a character-for-character basis 
throughout the entire survey. Overall, 70 of the original 865 respon-
dents were eliminated from our analysis. Table D.1 shows the total 
number sampled, the number of initial respondents received and the 
number actually used in the analysis. Only 2–15 percent of the surveys 
received were dropped.
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Table D.1
Response Rate After Initial Check

AFSC
Number 
Sampled

Initial 
Responses

Final 
Responses

Final 
Response 
Rate (%)

1A8X1 130 110 105 78
1N3XX 400 69 60 15
2T3X1 400 137 129 32
2A3X3A 400 135 125 31
2A5X1E 400 157 153 38
3P0X1 400 110 100 25
3E7X1 400 146 123 31

The second portion of the data cleaning process eliminated 
responses to specific questions for a specific respondent. We performed 
several checks to ensure that the survey responses were logical and accu-
rate. The following chart illustrates the percentage of question blanks 
that were filled before and after the data cleaning process. When we 
began the data cleaning process, approximately 20 percent of the ques-
tions were unanswered. After the data cleaning procedures, approxi-
mately 25–40 percent (Figure D.1) of the response fields had miss-
ing data. The data cleaning processes for each question are described 
below. 

For questions 6, 7, and 8, which asked for a minimum, average, 
and maximum productivity at several time points, the following checks 
were performed:

Determine if minimum ≤ average ≤ maximum for all time 
points.
For each minimum, average, or maximum, determine if effec-
tiveness erroneously decreased over time.
Determine if the difference in maximum and minimum pro-
ductivity exceeded 99 percent. In such cases, we interpreted this 
to mean that the respondent had no idea what the productivity 
should be.
Determine if the difference in maximum and minimum YOS 
exceeds 19 years. This, too, suggests that the respondent had no 
idea how many years should be specified.

1.

2.

3.

4.
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Figure D.1
Data Cleaning Results

RAND MG555-D.1
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2A3X3A = F-15 Maintenance; 2A5X1E = B-1/B-2 Maintenance; 2T3X1 = Special 
Purpose Vehicle Maintenance; 3E7X1 = Fire Protection; 3POX1 = Security Forces.

Initial

Clean

In cases where these criteria were not met, the erroneous values 
in the sequence were set to missing. In particular, we felt that numbers 
3 and 4 were necessary because including minimum and maximum 
observations with such wide ranges provided no useful information for 
our analysis and functioned only to increase the standard deviation of 
the values that were included. By setting these responses to missing, we 
are able to make more accurate inferences regarding the data. 

Question 6 requested productivity levels at increasing YOS incre-
ments. For this question, we excluded observations indicating that the 
maximum productivity of an airman with 8 or 12 YOS was less than 50 
percent or that the airman’s productivity never exceeded 10 percent. 

Question 7 required respondents to indicate the number of years 
necessary to acquire a 5- and 7-level skill upgrade. For this question, 
we excluded observations that indicated a time to 5-level greater than 
12 years and excluded observations that indicated a time to 7-level less 
than four years. 
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Question 8 requested the minimum, average, and maximum pro-
ductivity on award of 3-, 5- and 7-level. Here again, we eliminated 
responses indicating that the productivity never exceeded 10 percent. 

In question 10, we asked how effective the average airman is as 
a leader or manager at various grades. We eliminated any observa-
tions that had a value of 20 or less for each of the ranks, because those 
answers seem to indicate a misunderstanding of the question being 
posed. Rather than answer in terms of productivity, it appeared that 
these respondents answered in terms of years to achieve a certain rank. 
We also excluded observations where there was no variation in the 
minimum, maximum, or average across all the ranks. For the purposes 
of our analysis, we would anticipate at least some growth in leadership 
productivity as individuals progress from E-6 to E-9. 

In questions 13 and 14, we asked respondents to estimate the 
change in the productivity of the trainer and quality of the OJT for 
the trainee as the number of trainees per trainer increases. Although 
we recognize the possibility that productivity and OJT quality could 
remain the same regardless of the number of trainees per trainer, we do 
not believe that either productivity or quality would increase with an 
increase in the ratio of students to trainers. Therefore, we assumed that 
any observations indicating an increase in productivity or OJT quality 
as that ratio increased were based on a misunderstanding of the ques-
tion and were set to missing. Similarly, in questions 15 and 16, observa-
tions that indicated an increase in OJT quality or trainer productivity 
as the trainer manning level decreased were also set to missing.
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Appendix E

Statistical Results

In this appendix we provide three tables of statistical data related to our 
productivity curves. Table E.1 presents descriptive statistics on the cen-
tral tendency and spread (standard deviation and inter-quartile range) 
of the survey responses. Included for each AFSC are the years specified 
in the survey (1, 3, 5, 8, and 12) along with three other years in decimal 
form (two for 1A8) representing graduation from IST, 5-level advance-
ment, and 7-level advancement. These data can be used to replicate the 
productivity curves used in the cost-benefit analysis. Table E.2 shows 
the predicted values after curve fitting (the values on the left are the 
original values predicted by the curve fitting; those on the right have 
been transformed back onto a 0–100 scale). Table E.3 shows the esti-
mated values (along with standard errors and other statistics) for the 
five parameters required by the curve-fitting function.
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Table E.1
Statistical Measures of Effectiveness Data

AFSC Year Mean
Std. 
Dev.

Std. 
Error IQR

1A8X1 1 9.947 11.280 1.163 15
1.392 25.729 19.019 1.941 27.5
3 49.591 20.847 2.162 37
4.134 52.321 21.256 2.362 28
5 73.968 16.121 1.672 20
8 86.033 12.558 1.316 15

12 91.180 10.272 1.089 15

1N3XX 1 11.618 13.467 1.816 20
1.019 23.825 19.428 2.573 20
3 48.818 21.708 2.927 20
3.492 56.571 18.229 2.436 25
5 71.509 19.402 2.616 28
6.373 78.179 15.454 2.065 20
8 83.382 14.964 2.018 20

12 89.873 10.358 1.397 14

2T3X1 0.438 20.858 13.991 1.277 20
1 25.947 14.961 1.401 15
2.387 61.149 15.593 1.460 25
3 56.486 20.356 1.932 30
5 76.028 18.043 1.736 20
6.806 78.965 11.980 1.127 15
8 86.981 13.736 1.340 17

12 92.160 10.135 0.984 10

2A3X3A 0.554 21.198 15.422 1.432 17.5
1 24.383 15.794 1.473 15
2.254 54.045 17.314 1.643 25
3 56.250 20.499 1.937 30
5 74.536 18.582 1.756 25
5.948 80.009 14.331 1.348 15
8 85.620 15.661 1.507 15

12 92.383 11.623 1.124 10

2A5X1E 0.346 21.000 15.380 1.286 15
1 26.752 14.988 1.281 15
1.875 59.860 18.574 1.593 27.5
3 64.612 21.097 1.823 35
5 80.962 16.648 1.460 23
5.811 83.000 14.014 1.206 20
8 88.444 13.964 1.244 15

12 93.375 11.130 1.016 10

3P0X1 0.323 22.611 15.036 1.585 20
1 23.306 16.139 1.751 10
2.117 51.989 19.718 2.102 25
3 48.536 20.393 2.225 31.5
5 65.241 20.257 2.223 30
5.917 74.841 14.055 1.498 20
8 77.100 17.080 1.910 20

12 87.139 12.882 1.449 15
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Table E.1—continued

AFSC Year Mean
Std. 
Dev.

Std. 
Error IQR

3E7X1 0.377 25.478 17.065 1.605 25
1 23.785 14.958 1.446 15
2.085 52.303 19.165 1.926 25
3 50.077 19.689 1.931 30
5 67.192 20.083 2.018 25
6.291 75.857 15.194 1.535 15
8 79.031 17.256 1.761 15

12 88.579 13.625 1.398 14

Table E.2
Predicted/Back-Transformed Values and Confidence Limits

AFSC Year Predicted Value
Back-Transformed 
Predicted Value

Confidence Limit Confidence Limit

Base
Lower
95% 

Upper
95% Base

Lower 
95%

Upper 
95%

1A8X1 1 0.363 0.336 0.390 12.588 10.853 14.433
1.392a 0.425 0.398 0.451 16.984 15.048 19.012
3 0.717 0.688 0.746 43.168 40.297 46.063
4.134b 0.914 0.879 0.949 62.726 59.286 66.104
5 1.035 0.998 1.073 73.957 70.580 77.197
8 1.244 1.202 1.286 89.719 87.038 92.122

12 1.295 1.247 1.343 92.584 89.862 94.911
1N3XX 1 0.393 0.358 0.428 14.690 12.297 17.257

1.019a 0.396 0.361 0.431 14.911 12.504 17.491
3 0.760 0.717 0.803 47.445 43.139 51.771
3.492b 0.846 0.798 0.893 56.021 51.287 60.700
5 1.050 0.996 1.105 75.270 70.414 79.824
6.373c 1.156 1.098 1.213 83.745 79.303 87.744
8 1.215 1.153 1.276 87.842 83.559 91.555

12 1.249 1.182 1.316 89.997 85.619 93.654
2T3X1 0.438a 0.481 0.455 0.507 21.407 19.349 23.539

1 0.570 0.547 0.593 29.085 27.026 31.188
2.387b 0.794 0.767 0.820 50.820 48.173 53.464
3 0.885 0.855 0.915 59.866 56.892 62.805
5 1.107 1.073 1.141 79.987 77.186 82.648
6.806c 1.211 1.177 1.245 87.598 85.269 89.752
8 1.246 1.211 1.282 89.840 87.582 91.894

12 1.286 1.244 1.327 92.092 89.698 94.193
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Table E.2—continued

AFSC Year Predicted Value
Back-Transformed 
Predicted Value

Confidence Limit Confidence Limit

Base
Lower
95% 

Upper
95% Base

Lower 
95%

Upper 
95%

2A3X3A 0.554a 0.477 0.454 0.501 21.116 19.196 23.102
1 0.545 0.522 0.568 26.894 24.889 28.948
2.254b 0.744 0.719 0.770 45.908 43.409 48.416
3 0.858 0.829 0.887 57.240 54.364 60.091
5 1.096 1.061 1.131 79.112 76.221 81.863
5.948c 1.169 1.134 1.204 84.710 82.078 87.168
8 1.259 1.221 1.297 90.614 88.278 92.715

12 1.310 1.266 1.354 93.361 90.999 95.385

2A5X1E 0.346a 0.471 0.447 0.495 20.581 18.669 22.562
1 0.599 0.577 0.621 31.821 29.797 33.879
1.875b 0.777 0.751 0.802 49.135 46.585 51.687
3 0.979 0.946 1.012 68.845 65.756 71.853
5 1.198 1.163 1.233 86.723 84.283 88.987
5.811c 1.243 1.208 1.278 89.610 87.384 91.643
8 1.298 1.260 1.336 92.726 90.634 94.571

12 1.316 1.275 1.357 93.658 91.513 95.509

3P0X1 0.323a 0.487 0.457 0.516 21.865 19.486 24.342
1 0.567 0.539 0.595 28.849 26.343 31.421
2.117b 0.703 0.673 0.733 41.798 38.841 44.785
3 0.806 0.772 0.841 52.099 48.665 55.524
5 1.001 0.959 1.042 70.873 67.040 74.562
5.917c 1.066 1.023 1.109 76.634 72.914 80.158
8 1.165 1.119 1.212 84.436 80.940 87.637

12 1.238 1.182 1.294 89.328 85.649 92.519

3E7X1 0.377a 0.498 0.471 0.524 22.791 20.632 25.026
1 0.570 0.545 0.595 29.146 26.893 31.452
2.085b 0.700 0.673 0.727 41.515 38.893 44.162
3 0.807 0.776 0.837 52.111 49.048 55.166
5 1.003 0.966 1.041 71.114 67.672 74.438
6.291c 1.095 1.056 1.135 79.057 75.791 82.145
8 1.178 1.136 1.219 85.330 82.282 88.136

12 1.260 1.210 1.310 90.640 87.516 93.355

a 3-level; b 5-level; c 7-level. 
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Table E.3
Parameter Estimates

Confidence Limit

AFSC Parameter Estimate
Std. 
Error

Lower 
95%

Upper 
95% t-Value p-value

1A8X1 B1 1.301 0.025 1.251 1.351 51.834 <0.001

B2 4.609 0.299 4.016 5.202 15.433 <0.001

B3 0.578 0.026 0.525 0.630 21.963 <0.001

u
2 0.031 0.006 0.019 0.044 5.155 <0.001

2 0.033 0.002 0.029 0.037 16.333 <0.001

1N3XX B1 1.252 0.034 1.184 1.321 36.726 <0.001

B2 4.009 0.306 3.395 4.623 13.080 <0.001

B3 0.607 0.035 0.537 0.678 17.295 <0.001

u
2 0.047 0.010 0.027 0.068 4.702 <0.001

2 0.028 0.002 0.024 0.032 13.882 <0.001

2T3X1 B1 1.292 0.022 1.248 1.336 58.396 <0.001

B2 2.105 0.085 1.937 2.272 24.893 <0.001

B3 0.507 0.028 0.452 0.561 18.364 <0.001

u
2 0.032 0.005 0.022 0.042 6.405 <0.001

2 0.024 0.001 0.022 0.026 19.531 <0.001

2A3X3A B1 1.319 0.023 1.273 1.366 56.232 <0.001

B2 2.307 0.086 2.136 2.478 26.735 <0.001

B3 0.486 0.022 0.442 0.529 21.981 <0.001

u
2 0.038 0.006 0.026 0.050 6.451 <0.001

2 0.024 0.001 0.022 0.026 19.536 <0.001
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Table E.3—continued

Confidence Limit

AFSC Parameter Estimate
Std. 
Error

Lower 
95%

Upper 
95% t-Value p-value

2A5X1E B1 1.318 0.021 1.276 1.360 62.676 <0.001

B2 2.230 0.084 2.064 2.395 26.657 <0.001

B3 0.620 0.029 0.563 0.678 21.207 <0.001

u
2 0.043 0.006 0.031 0.055 7.278 <0.001

2 0.024 0.001 0.022 0.027 21.269 <0.001

3P0X1 B1 1.259 0.032 1.196 1.322 39.843 <0.001

B2 1.800 0.073 1.655 1.945 24.691 <0.001

B3 0.388 0.024 0.341 0.436 16.341 <0.001

u
2 0.048 0.008 0.031 0.064 5.664 <0.001

2 0.024 0.001 0.021 0.027 16.984 <0.001

3E7X1 B1 1.286 0.029 1.228 1.344 44.064 <0.001

B2 1.823 0.065 1.695 1.951 28.198 <0.001

B3 0.374 0.021 0.333 0.415 18.020 <0.001

u
2 0.048 0.008 0.033 0.063 6.278 <0.001

2 0.024 0.001 0.021 0.026 18.458 <0.001
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APPENDIX F

Productivity Curves

In this appendix, we provide a detailed explanation of how we devel-
oped the specialty productivity curves. 

Methodology for Fitting Functions to the Productivity 
Data

When fitting curves based on percentages with a significant number of 
responses outside the range of 30 percent to 70 percent, it is common 
practice to normalize the data using an arcsine transformation (Sokal 
and Rohlf, 1995). The more observations outside this range (closer to 0 
percent or 100 percent), the more normality is violated and the stron-
ger the recommendation to use the arcsine transformation. However, 
the arcsine transformation is not effective when a substantial number 
of observations are at 0 percent or 100 percent or when the sample size 
is small. In our case, higher years of experience will have a substantial 
number of 100 percent responses, so the arcsine square root transfor-
mation is warranted (Sokal and Rohlf, 1995). Thus, to make proper 
statistical inferences on our data, each effectiveness, E, is transformed 
to y:

y Earcsin .

By performing this transformation, the variability of the data 
becomes rather small and a better fit is achieved for each specialty/year 
combination, yielding more normally distributed residuals.
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We explored several different methods for fitting the transformed 
data. One method fit a nonlinear mixed model. Since an individu-
al’s responses are dependent (i.e., how they respond to a subsequent 
year depends on how they responded the previous year), this approach 
seemed ideal. By plotting effectiveness over time, one can see a mild 
nonlinear trend along with a marked increase in variability over time. 
The following logistic growth model takes into account the depen-
dence between an individual’s responses. This model was fit for each 
specialty:

y
B u

B e
ij

i
B x ijij

1

21 3* ( * )

where 
y Eij ijarcsin
yij = the observation for the jth year for the ith subject
xij  = the jth year for the ith subject
B1, B2, and B3  = the fixed-effect parameters that minimize the 
squared residual random error ij .

B1 estimates the upper horizontal asymptote. 
B

B
1

21
 estimates the y-intercept. 

 determines the shape of the curve.
ui , the random coefficient parameter, models the subject-to-subject 
random variation of the upper horizontal asymptote. In other words, 
it captures the effectiveness that a typical subject in a given specialty 
approaches over time. This parameter is assumed to follow a normal 
distribution with mean 0 and variance u

2 . Note that ij  are the resid-
ual random errors and are assumed i.i.d N (0, 2 ).

For each specialty, the logistic growth model was fit with different 
starting estimates for B1, B2 , B3, u

2 , and 2 . Since we sampled 
only at specific years, we calculated values for the rest of the years to get 
a full set of predicted values. Once we obtained our predicted values and 
estimated a 95-percent confidence interval (CI) of the mean, the inverse

B3
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Figure F.1
Plot of Back-Transformed Predicted Values and CIs, AFSC 2T3X1
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(sin( ))y 2  transformation was applied to return the estimate to the 
original scale. In Figure F.1, the predicted values and their respective 
95-percent CIs are plotted for the 2T3X1 AFSC. Figures F.2 through 
F.7 depict the other six AFSCs. These curves represent the response 
and confidence interval for the average person in each specialty. Pre-
dicted values of effectiveness approach 100-percent, but never reach it. 
Our initial thought in fitting the logistic growth model was that the 
curves would level off at 100-percent, but several respondents made 
comments in which they stated that one never quite reaches 100-per-
cent effectiveness because learning and growth continue throughout an 
airman’s career, and this is thus reflected in the curves. 

Table F.1 provides the parameter estimates from the logistic model 
of the transformed data. Note the small standard errors, and hence the 
narrow CIs, for these values. Also, the low p-values indicate the sig-
nificance of all five of these parameters. One can use these parameters 
to obtain a predicted value for effectiveness on a given year and then 
back-transform that value to the original scale.
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Table F.1
Parameter Estimates for 2T3X1 Production

Confidence Limit

Parameter Estimate
Std. 
Error

Lower 
95% 

Upper 
95% t-Value p-value

B
1

1.292 0.022 1.248 1.336 58.396 <0.001

B
2

2.105 0.085 1.937 2.272 24.893 <0.001

B
3 0.507 0.028 0.452 0.561 18.364 <0.001

u
2 0.032 0.005 0.022 0.042 6.405 <0.001

2 0.024 0.001 0.022 0.026 19.531 <0.001

In the following figures, we provide the unscaled productiv-
ity curves for the remaining specialties examined in the study. These 
curves extend from the end of IST (near 0 or 1 YOS) to 15 YOS. The 
95-percent CIs are also included with the curves. Parameter estimates 
for the additional six specialties are found in Table E.3.

Scaling the Effectiveness Curves

As noted in Chapter Three, the productivity curves never reach 100 
percent. Our survey attempted to determine the number of YOS at 
which 100-percent effectiveness is achieved by asking the question in 
two ways. First, we asked, How many YOS are needed to reach 100-
percent effectiveness? To this question, we received a range of YOS. 
Second, we asked, What is the productivity of an airman with various 
YOS? Surprisingly, we found a great deal of reluctance on the part of a 
sufficient number of the respondents to specify 100-percent effective-
ness of any particular year. This paradox led us to scale the time-based 
productivity curves to 100 percent at the average time to reach 100-
percent effectiveness as given by the respondent. Thus, we took the 
curves generated by the statistical estimates below and proportionately 
adjusted each point such that the “go-to” point equaled 100 percent. 
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Figures F.2 through F.7 show the original estimates to the productivity 
curves prior to scaling.

Figure F.2
Plot of Back-Transformed Predicted Values and CIs, AFSC 1A8X1

RAND MG555-F.2
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Figure F.3
Plot of Back-Transformed Predicted Values and CIs, AFSC 1N3XX

RAND MG555-F.3
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Figure F.4
Plot of Back-Transformed Predicted Values and CIs, AFSC 2A3X3A

RAND MG555-F.4
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Figure F.5
Plot of Back-Transformed Predicted Values and CIs, AFSC 2A5X1E

RAND MG555-F.5
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Figure F.6
Plot of Back-Transformed Predicted Values and CIs, AFSC 3P0X1

RAND MG555-F.6
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Figure F.7
Plot of Back-Transformed Predicted Values and CIs, AFSC 3E7X1

RAND MG555-F.7
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Appendix G

Comments on Adding/Deleting Content from IST

In this appendix, we report on the individual responses given for adding 
and dropping training blocks. The appendix does not examine the 
numerical portions of questions 19 and 20 that requested respondents 
to enter the length of time required to train a task in TT and OJT and 
estimated productivity change corresponding to the changed training 
content. Rather, it focuses on only the free response question. This part 
of the survey gave respondents the opportunity to select the blocks of 
training that they felt would be most suitable for either addition to or 
deletion from their specialty’s technical training course(s). The pur-
pose of this appendix is to give consideration to all the thoughtfully 
entered comments, regardless of whether or not the entered numerical 
responses were logical. 

1A8X1 Written Comments

From the overall analysis, there is some indication that the 1A8X1 tech-
nical training course has the potential to be shortened. Further analy-
sis of the content of repeated comments provides additional insights 
into specific recommended potential changes. The fact that 17 separate 
individuals suggested deleting some (or all) of the technical training at 
Goodfellow AFB is extremely noteworthy. In a free-response survey, 
that many respondents making exactly the same recommendation is 
a very strong indication that those in the field perceive redundancy 
within the 1A8X1 training pipeline. 



106    Finding the Balance Between Schoolhouse and On-the-Job Training

Specific suggestions for curriculum additions included the 
following: 

enhanced weapon system training (8 respondents) 
more hands-on/operational training (7)
enhanced language training (5) 
cryptologic skill training (3).

Specific suggestions for curriculum deletions included the 
following:

Goodfellow AFB (17) 
Enlisted Aircrew Undergraduate Course (11) 
reduce the lag time between courses and waiting for opportuni-
ties for flights (5).

1N3XX Written Comments

Overall, the response rate for the 1N3XXs was low, and an unusually 
low percentage of these individuals chose to respond to this question. 
Perhaps concerns about the confidentiality requirements of technical 
school contributed to the low rate. Given that, the 1N3XX respon-
dents are relatively satisfied with the technical training pipeline. Based 
on the comments, the main focus of improvement efforts was on the 
language portion of the training, ensuring that it is as comprehensive 
and up-to-date as possible. All the additions suggest enhancements to 
the language-training program. The individuals who suggested delet-
ing portions of the language training seemed to indicate that the train-
ing is ineffective rather than unnecessary. It is also worth examining 
the training occurring at Goodfellow AFB, ensuring that unnecessary 
redundancy is avoided.

Specific suggestions for curriculum additions included the 
following: 

dialect training (3)
colloquial/conversational training (3)

•
•
•
•

•
•
•

•
•
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military jargon (2)
language immersion (2)
translation skills (1). 

Specific suggestions for curriculum deletions included the 
following:

Goodfellow AFB (7)
language training (3).

2A3X3A Written Comments

Both the response patterns and the comments for this specialty were 
difficult to interpret. The one characteristic that seems to be consis-
tent throughout the written suggestions is the observation that train-
ees are not arriving on station as ready as they should be. Some of the 
respondents address this problem by suggesting more time in technical 
training, so that trainees have the time and opportunity to reach the 
expected level of proficiency. Other respondents address the problem 
by suggesting that trainees be put on station sooner. The assumption 
is that they will start with a lower level of proficiency but that the 
hands-on OJT will get them up to speed more quickly, and with less 
redundancy, than the current pipeline training program. As a result, 
there were a variety of different repeated suggestions for addition and a 
combination of skill-specific suggestions for deletion along with some 
drastic recommendations for cutting IST.

Specific suggestions for curriculum additions included the 
following: 

increase the length of technical training without changing the 
requirements (8)
forms/documentation (8)
Core Automated Maintenance System (CAMS) (7)
hands-on time (6)
training specific to one’s assigned aircraft (6)

•
•
•

•
•

•

•
•
•
•
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flight line operations (4)
launch/recovery (4)
pre- and post-flight inspections (3) 
flight-line equipment (1). 

Specific suggestions for curriculum deletions included the 
following:

hot training (5)
mission ready technician (4)
fundamentals (4)
everything except fundamentals (3)
all of technical training (3)
all hands-on training (2)
aircraft servicing (4)
launch and recovery (3)
parts installation/removal (3).

2A5X1E Written Comments

Overall, the individuals in this specialty are more in favor of adding 
to technical training than deleting from it—although not overwhelm-
ingly so. The suggestions for possible additions varied across specific 
tasks with an emphasis on increasing the amount of hands-on expe-
rience in technical training. The deletions were much more general, 
with the majority of those responding indicating that entire courses in 
the training sequence were unhelpful or unnecessary. Five respondents 
used this opportunity to emphasize the need for enhanced training in 
“respect, followership, and/or motivation.”

Specific suggestions for curriculum additions included the 
following: 

additional hands-on training (12) especially in the form of requests 
for an actual B1-B (6) 
increased emphasis on the basics (8)

•
•
•
•

•
•
•
•
•
•
•
•
•

•

•
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more emphasis on one’s specifically assigned aircraft (7)
increasing the length of FTD (7)
troubleshooting (6)
forms documentation (5)
CAMS (5).

Specific suggestions for curriculum deletions included the 
following:

aircraft fundamentals (8) 
training not related to one’s specifically assigned aircraft (8) 
sending trainees directly from the fundamentals course into 
FTD (6). 

2T3X1 Written Comments

The response patterns as well as the comments from this specialty indi-
cate that only additions should be made to technical training. The 
2T3X1 specialty had the highest number of respondents who were 
completely satisfied (12) and an unusually low number of respondents 
who provided deletion suggestions. Interestingly, no more than two 
people suggested the same deletion. Instead, the respondents strongly 
indicated a need for increased troubleshooting training, and suggested 
a wide variety of tasks that could use more emphasis in the technical 
training course.

Specific suggestions for curriculum additions included the 
following: 

troubleshooting training (19)
equipment familiarization (6)
engines (6)
electrical/computer analysis (4)
scheduled maintenance (4).

•
•
•
•
•

•
•
•

•
•
•
•
•
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Specific suggestions for curriculum deletions included the 
following:

scheduled maintenance (2)
snow removal (2)
tool identification (2)
hazardous material (HAZMAT) (2)
graders (2).

3E7X1 Written Comments

The firefighting course is unique because it trains to a civilian-recog-
nized level of proficiency. This might explain why such a large per-
centage of the respondents feel that nothing can be deleted but also 
why the written comments indicate that deployment preparation is 
lacking within technical training. One interesting source of disagree-
ment among the respondents was on the necessity of medical train-
ing (EMT/First Responder) during technical school—similar num-
bers of respondents suggested adding to it and deleting from it. This 
could be an indication that the medical training in technical school is 
incomplete, and respondents are mixed in their opinions of whether to 
eliminate it completely or enhance it. Finally, five individuals took this 
opportunity to write in comments specifically addressing the need for 
additional “customs and courtesies” training—which was unique to 
this particular specialty.

Specific suggestions for curriculum additions included the 
following: 

deployment preparation (33)
medical training (14)
vehicle operations (7)

•
•
•
•
•

•
•
•
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pump training (3)
ARFF training (3).

Specific suggestions for curriculum deletions included the 
following:

HAZMAT training (8) 
medical training (8) 
FACC training (5). 

3P0X1 Written Comments

As illustrated in Figure 3.7, the security forces specialty shows the 
lowest overall satisfaction level of the seven specialties in this study. 
Although the survey instrument was not designed specifically to mea-
sure overall career field satisfaction, the responses did provide support 
for one possible explanation. Within the comment blocks, a total of 11 
individuals voiced concern for merging law enforcement and security, 
thus making the 3P0X1 specialty “too broad.” This theme permeated 
the addition/deletion suggestions; of the 24 individuals who had spe-
cific suggestions for both an addition and a deletion, half implied a 
trade between two of three broad categories—law enforcement, flight-
line security, and/or combat operations. In addition, four respondents 
requested an increase to the length of technical training without any 
additional training requirements. Given the stresses of the current 
operational environment, including a shortage of on-station trainers 
available for OJT, respondents seemed to be emphasizing the need to 
use IST to get trainees as prepared as possible for the specific jobs that 
they will be expected to do.

Specific suggestions for curriculum additions included the 
following: 

increased combat/deployment preparation (21) 
law enforcement (17)
security training (9).

•
•

•
•
•

•
•
•
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Specific suggestions for curriculum deletions included the 
following:

law enforcement (9) 
rifle fighting techniques (3)
security (5)
ground combat skills (4). 

General Conclusions

Generating strong conclusions from open-ended survey questions can 
be extremely difficult, but the suggestions given provide additional sup-
port for the recommendations made in this analysis. This is especially 
true in instances such as the multiple recommendations for adding 
“troubleshooting” for the 2T3X1s. Such responses are particularly 
compelling since a large number of respondents gave the same answer 
without prompting. It is certainly plausible that if all  the respondents 
were given the suggestion of “troubleshooting” as an option for some-
thing to add, an even greater percentage would have been in agreement. 
Similar agreement can be imagined for all the frequently repeated sug-
gestions within these open-ended response blocks. 

•
•
•
•
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Appendix H

Cost-Productivity Results for Seven AFSCs

This appendix provides the final cost-effectiveness charts for each of 
the specialties. These charts provide a quantitative justification for the 
overall recommendations we made for each of the specialties.
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Figure H.1
Airborne Cryptologist (AFSC 1A8X1), Steady State Results
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Figure H.2
Cryptologic Linguist (AFSC 1N3XX), Steady State Results
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Figure H.3
F-15 Maintenance (AFSC 2A3X3A), Steady State Results
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Figure H.4
B-1/B-2 Maintenance (AFSC 2A5X1E), Steady State Results

Force size = 1,868
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Figure H.5
Special Purpose Vehicle Maintenance (AFSC 2T3X1), Steady State Results
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Figure H.6
Fire Fighter (AFSC 3E7X1), Steady State Results
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Figure H.7
Security Forces (AFSC 3P0X1), Steady State Results
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